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INTRODUCTION 


The presence in sugar-beet seed balls of water-soluble substances 
that produce a toxic effect on germinating seed has been shown in a 
previous publication (25). In the present report the nature of the 
toxic action is analyzed and the effects of osmotic pressure and 
of hydrogen-ion concentration are evaluated. Evidence is presented 
that free ammonia, released during germination from nitrogenous com- 
pounds in the water extracts of the seed balls, is an important and 
significant factor in germination inhibition and that this free ammonia 
produces toxic effects when sugar-beet seed is germinated in the 
presence of the seed-ball extracts. 


REVIEW OF LITERATURE 


Extensive work has been reported on the factors affecting the germi- 
nation of seeds of fleshy fruits when placed on a substratum moistened 
with the fruit juice. According to Reinhard (18), Molisch was the 
first to express the opinion that the retarded germination was caused 
by inhibiting substances. The opinion was later supported by Oppen- 
heimer (14, 15), Fukaki (6), and Reinhard (18). Oppenheimer sug- 
gested that the inhibitory substances are colloidal and that they act 
as ‘negative catalysts’? influencing respiratory processes. Kécke- 
mann (9) described inhibitory substances, found in various fleshy 
fruits, that were soluble in water and in ether and were heat-resistant 
but were destroyed by peroxide and alkali. Reinhard (18), working 
with tomato juice, found inhibiting substances that were water- 
soluble and heat-resistant but were not destroyed by neutralization. 

Osmotic pressure of fruit juices has been considered by some workers 
a factor in the inhibition of germination. Oppenheimer (1/4, 1/5) and 
Fukaki (6) stated that the inhibitory action of substances in tomatoes 
is something in addition to osmotic effect because boiling the juice 
increased the osmotic pressure while it reduced the inhibitory action. 
Recently, Litvinov (1/2) stated that the essential cause of the inhibiting 
effects of fruit juices is osmotic pressure and that only slight inhibition 
is traceable to specific organic substances. This conclusion is similar 
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to that of Lavialle (10), who stated that seeds in all fleshy fruits 
remain dormant because of the osmotic pressure of their juices, which 
may vary from 5 atmospheres in tomatoes to 20 atmospheres in 
grapes. 

Other observations pertinent to the studies here reported may be 
noted. Axentjev (2) reported that the inhibiting action of seed ex- 
tracts is not dependent upon fluorescence. He stated that the action 
of Phacelia seed extract was not specific but that it inhibited the ger- 
mination of some seeds and stimulated that of others. Mosheov (/3) 
reported the presence in wheat of germination-inhibiting substances 
that were heat-labile and were most effective in light. Lehmann (/1/) 
found substances having similar properties in the hulls of buckwheat. 
On the basis of tests with the seeds of Vaccaria pyramidata, Borriss (3) 
concluded that the increased germination of seeds planted in soil was 
not due to any stimulative effect of the soil but rather to the removal 
of inhibitory substances from the seed by adsorption. Shuck (20, 21) 
reported inhibitory substances, produced by germinating lettuce seed, 
that were water-soluble and probably a metabolic byproduct. Borth- 
wick and Robbins (4) pointed out the possibility that there are 
deleterious products of metabolism in the endosperm or embryo of 
lettuce seed, arising and possibly accumulating only at higher tem- 
peratures, and that, when other parts are removed, the naked lettuce 
embryo germinates at these higher temperatures. Thompson (22) 
and Thompson and Kosar (23) found soaking and drying, both at low 
temperatures, and soaking in certain chemical solutions to be effec- 
tive in breaking the dormancy of lettuce seeds. 


MATERIALS AND METHODS 


The sugar-beet (Beta vulgaris L.) seed balls used in these studies as 
sources of extracts were principally of two varieties, 68 and U. S. 12. 
Only one seed lot of variety 68 was available. Previous studies had 
shown this seed lot to be a heavy carrier of substances that resulted 
in a toxic effect on germination. The following four lots of seed balls 
of U. S. 12 were used; these were grown under widely different con- 
ditions and varied creatly in chemical composition. 

U. S. 12-A.—Normal soil, Hurricane, Utah, 1936 crop. This seed lot was very 
low in material toxic to germinating seeds. 

U. 8. 12-B.—Alkali soil, St. George, Utah, 1938 crop. Grown on soil showing 
considerable white alkali but with fairly good plant survival. 

U. 8. 12-C.—Extreme alkali soil, St. George, Utah, 1938 crop. Grown on the 
same field as U. 8. 12—B, but in areas where, owing to high alkali content, only a 
few plants survived and ‘produced seed. 

U. 8. 12-D.—Normal soil, Moab, Utah, 1938 crop. Owing to insect damage or 
some other environmental influence, most plants producing this lot of seed reverted 
to vegetative type of growth during the period when seed normally sets and 
matures. Viability of the seed was very poor. 

Two samples of lettuce seed of the Grand Rapids variety were ob- 
tained from T. W. Whitaker.* Other kinds of seed such as tomato, 
radish, cantaloup, cucumber, etc., were obtained from a commercial 
seed store in Salt Lake City, Utah. These are listed in the various 
tables. 


4 Geneticist, Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, U. S. De- 
partment of Agriculture, stationed at La Jolla, Calif. 
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The relative toxicity or germination-inhibiting properties of the ex- 
tracts or solutions tested were measured by their ability to decrease 
germination percentages under standardized conditions. 

A distinction is sometimes necessary between toxicity and inbibition 
of germination because certain factors, such as high osmotic pressure, 
may inhibit germination without resulting in a toxic effect. 

The term “toxic substances” as used throughout this report is not 


limited in meaning to actual sub- 
stances that are toxic to germinating 
seeds or plants, but also refers to sub- 
stances that may not be toxic them- 
selves but from which the toxic agent 
is produced during the course of seed 
germination. For example, dilute 
solutions of asparagin allowed germi- 
nation to proceed normally for about 
48 to 72 hours before sufficient am- 
monia was released to stop further 
growth and actually kill the plants. 

The seed-ball extracts were pre- | | 
pared by soaking quantities of air-dry / 
seed balls in five times their weight of 
distilled water for 20 hours, and filter- 
ing. Toxicity was determined by 
germinating naked sugar-beet seeds 
on thin cotton substrata in 31-inch 
Petri dishes moistened with 9 ml. of 
the solution being tested. Variety 
68 was the source of all naked sugar- 
beet seeds used in the tests. 

ee sig a 
were made by the cryoscopic method, st 
using an pie-leclected sample tube @% UY 6 ws, 
and Beckmann differential ther- SOE em Ome See oa 
mometer. A glass-electrode pH me- “aspiration apparatus. a, Aspiration 
ter was used in making all pH meas- __ tube; bulb blown for larger samples 
urements. Where the pH of ex- and _ to help reduce foaming. 
tracts or solutions from germination b Absorption tube; sintered glass 
diaho lead The aiken isk in delivery tube and two drops 

es was determined, the ple of n-butyl alcohol used in solution 
was obtained by folding the cotton to insure complete absorption of 
substratum on which the seeds were ammonia. 
placed and pressing out the excess solution. 

The nitrogen fractions (free ammonia,® combined ammonium salts, 
and amide nitrogen) were determined by aspirating into boric acid 
and measuring the conductivity of the solution as outlined by 
Hendricks et al. (7). The aspiration and absorption apparatus was 
patterned somewhat after that outlined by Sessions and Shive (19). 
One unit is shown in figure 1. A bank of 12 units with accessory 
equipment is shown in figure 2. 
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§ The term “free ammonia’ as used in the present report refers to that ammonia which can be aspirated 
from a solution without addition ot alkaline reagent. Combined ammonium nitrogen refers to the addi- 
tional ammonia released from its salts by a suitable alkaline reagent. This distinction was made in the 
present instance even though “free ammonia’’ has sometimes been used in the literature to indicate ammonia 
ved from the decompositions of all ammonium salts. The authors consider the latter usage clearly a 
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The n-butyl] alcohol and sintered glass disks in delivery tubes insured 
complete absorption, while the warm-water bath and reduced pressure 
very greatly shortened the time necessary for complete removal of 
ammonia from the sample. No appreciable phosphate was present 
in the samples; therefore, magnesium oxide was used as the aikaline 
reagent. This was done to keep the volume of solution to a minimum 
for amide nitrogen determination. 

The procedure was as follows: 15 ml. of 0.4 molar boric acid solution 
and 2 drops of n-butyl alcohol were added to each absorption tube, 
and the stopper was pressed firmly in place; 10 ml. of the solution 
to be analyzed and a drop of mineral oil (to prevent foaming) were 
added to the sample tubes, the rubber tubes were connected, and 
aspiration was started. All analyses were run in duplicate or trip- 
licate. Duplicates usually agreed within 0.02 mg. of nitrogen. After 





Figure 2.—Twelve units of the ammonia aspiration apparatus with accessory 
equipment. a, Suction trap with Bunsen valve. 6, Hot-water bath for aspira- 
tion tubes made from 3-inch galvanized-iron pipe, slightly flattened on sides; 
vented outlet bent down inside to remove water from the bottom of bath. 
c, Air-scrubber bottles; stopcock for adjusting air intake when operating under 
reduced pressure. d, Hot-water heating coil. Small constant-level feed tank 
not shown. Note depth of fine bubbles in absorption tubes. 


aspiration the tubes were disconnected, starting from the end opposite 
to that at which suction was applied. Suction was decreased grad- 
ually as the tubes were disconnected. The contents of the absorption 
tube was made up to 100 ml. thoroughly mixed, and the conductivity 
determined. The nitrogen value was read from graphs prepared 
from conductivity values obtained by adding a known quantity of 
ammonia to 15 ml. of boric acid and sufficient distilled water to 
make 100 ml. The plotted curves were nearly straight lines. Com- 
bined ammonium nitrogen was determined by adding a small excess of 
dry magnesium oxide (MgQ) to the sample tube and aspirating into 
fresh boric acid. The acid hydrolysis with 10-percent sulfuric acid, 
described by Orcutt and Wilson (16), was employed for amide nitro- 
gen. After hydrolysis the samples were rinsed back into the original 
sample tubes and a predetermined amount of strong sodium hydroxide 
(NaOH), sufficient to nearly neutralize the acid, was added down the 
side of the tube by means of a pipette. A drop of mineral oil, a drop 
of phenolphthalein indicator, and an excess of magnesium oxide 
was added, the flask was immediately closed, and the aspiration was 
started. Residual nitrogen was determined on the same sample by 
the Gunning method for organic and ammoniacal nitrogen, with 
0.04 N acid and base. 
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EXPERIMENTAL WORK AND RESULTS 
SOME CHEMICAL AND PHYSICAL PROPERTIES OF SUGAR-BEET SEED-BALL EXTRACTS 





Water-soluble extracts from sugar-beet seed balls of different 
varieties and from different seed lots of the same variety varied rather 
widely in color. The color of fresh extracts usually ranged from amber 
to dark brown. 

All extracts became darker on exposure to the air and darkened 
rapidly when alkali was added. Normal color was restored upon the 
addition of excess acid. The extracts turned very dark when ferric 
chloride was added to them, and a white precipitate was formed with 
stannous chloride, gelatin, or lead acetate. A voluminous precipitate 
of gums and pectins was obtained when 95-percent alcohol was added 
to the concentrated extract. The extracts readily reduced potassium 
permanganate. Many of the above tests indicated the presence of 
tannins and gums. Germination tests, however, on pure solutions 
of tannic acid, gum arabic, etc., indicated that the amounts present 
could not be responsible for any appreciable degree of toxicity. 

Determinations of the heavy metals by means of the dropping 
mercury electrode showed copper, lead, and zine to be too low to 
cause injury. 

The fact that the toxicity of the water-soluble extract is due to 
heat-stable, colloidal, organic matter was indicated by the following 
tests: The toxicity of the water-soluble extract was reduced when the 
extract was filtered through one-half of an inch of diatomaceous 
earth, and it was still further reduced when carbon black was used 
with the diatomaceous earth. The toxic nature of the extract was 
not affected by high temperature. Table 1 shows a comparison of the 
toxic effect of untreated seed-ball extract with that of an extract which 
had been steamed for 30 minutes at 20 pounds’ pressure. When the 
extract was evaporated to dryness and the residue redissolved in 
distilled water, little or no change in the effect on germinating seeds 
was evident. Some of the substances that retarded germination 
remained in the water-soluble ash, although the effect was not char- 
acterized by darkening and killing of the sprouts, as in tests with the 
normal extract. That retardation in this case could be accounted 
for by osmotic pressure alone was shown by subsequent tests. 


TaBLE 1.—Toricity of heated and normal extracts from suga:-beet seed balls as 
indicated by their power to inhibit the germination of naked sugar-beet seeds 


[Average of 4 varieties] 





Naked seeds germinated after— 
Treatment of extract ames 
19 hours 42 hours | 90 hours 














; Percent Percent Percent 
Steamed 30 minutes at 20 pounds’ pressure. _.._-..-_-..---- Sa sace 17. 67 39. 83 60. 70 
Untreated 


1 AES RCE rec hl a Ba : : 18. 33 | 43. 50 59. 60 





The solubility of the toxic materials of the seed-ball extracts in 
various solvents was determined by evaporating a known volume of 
original extract to near dryness, extracting with a solvent, removing 
the solvent by successive evaporations with water, redissolving the 
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residue in distilled water to the original volume, and germinating 
seeds on the various fractions. The toxic materials were found to be 
soluble in water, or in 80-percent alcohol. They were slightly soluble 
in absolute alcohol and practically insoluble in propyl alcohol, ether, 
acetone, or toluene. 

Some of the chemical and physical properties of typical sugar- 
beet seed-ball extracts are shown in table 2. The close correlation 
between ash, specific conductance, and osmotic pressure indicates that 
while the total amount of inorganic salts in the extracts varies the 
relative proportions of the constituent salts remain nearly the same. 
None of the indices of inorganic salts correlates well with toxicity. 


TABLE 2.—Some properties of sugar-beet seed-ball extracts as related io toxicity 














2 Naked 
‘ and a 1! otal Surface seeds 
. smotic ‘ota conduct- : tension ?| germi- 
Source of extract pressure | solids Ast ance yng per centi-| nated 
X175 meter | after 121 
hours 
Atmos 
pheres Percent| Percent Percent| Dyne. Percent 
Variety 68 (normal extract)... -... &. 48 1.97 | 1.087 120. 73 | 0. 0645 51.4 3 
Variety 68 (filtered through kiesel- 
guhr and carbon black). _....._.- 6.08 1.73 . 992 119.54 | .0582 PASS 12 
S, “+ (2 (Sse ies aaa 6. 08 1.35 . 737 83.05 | .0533 : § 
5 | Sees 9. 62 2. 28 1. 201 136. 52 . 0672 47.4 | 31 
OS 0 OS Ere see eas 12. 27 3.15 1. 556 171.91 . 1329 49.6 | 22 
eS | SIR aN I RSI 4, 28 1. 37 . 766 62.10 | .O884 | - hes 21 




















1 Reciprocal ohms per centimeterX 10-5; 5 ml. diluted to 109 ml. for conductivity measurement. 
? Surface tension of distilled water at 25° C.=71.97 d. per centimeter. 


OSMOTIC PRESSURE 


Two different types of solutes, sucrose and sodium chloride, were 
used to determine the tolerance of naked sugar-beet seeds to osmotic 
pressure. This was done to check any effects that might be due to 
factors other than osmotic pressure. Table 3 shows that sugar-beet 
seeds are tolerant to fairly high osmotic pressure and that the two 
solutions used gave fairly similar results. 


TABLE 3.—Influence of osmotic pressure on the germination of naked sugar-beet seeds 











“ Naked seeds germinated after— 

smotic Eahae. 
Solute used pressure 7 ] 
25 hours | 49 hours | 73 hours | 142 hours 
a 
Atmospheres | Percent | Percent | Percent | Percent 
WOM) ho ote 0 64 88 99 | 99 
2.12 67 85 96 | 99 
4.29 67 89 93 | 97 
6.12 55 69 79 | 85 
BERRA ee CN nS Nae ES oe 8. 40 46 67 77 | 82 
12. 55 24 40 62 | 69 
18. 53 4 7 14 28 
23. 67 0 0 3 | 13 
2.00 75 88 94 | 96 
3.94 60 74 85 | 87 
5.78 46 69 78 | 84 
NERS a ay re la hee Meee eet 7.73 38 66 67 | 74 
11. 28 15 35 50 | 57 
15.55 8 21 34 | 35 
19.54 0 4 12 | 13 
| 


























Tmo em co 4 - 2&4 «fee 


ZnRnRPn»c 


was | 


nDRnownwnD DR & DW 


sa Oo 5S" 2 





wa 





mmm e ty 


Dec. 15,191 The Germination of Sugar-beet and Other Seeds 693 





Several other solutes were used in concentrations having osmotic 
pressure values similar to that of variety 68 sugar-beet seed-ball ex- 
tract. The data in table 4 show that these isotonic chemical solutions 
varied in their influence on seed germination. Differences in germina- 
tion up to 70 percent were observed on solutions having similar 
osmotic pressure. Urea, for example, was outstanding in toxicity. 
The tips of the radicles from the seeds that germinated in the presence 
of urea were similar in appearance to those of radicles from seeds 
germinated on sugar-beet seed-ball extracts. 

It is evident from the data that important toxic effects on ger- 
minating seed cannot be explained on the basis of osmotic pressure. 


TABLE 4.—I nfluence of sugar-beet seed-ball extracts and of chemical solutions isotonic 
with certain seed-ball extracts on the germination of naked sugar-beet seeds 











a : Naked seeds germinated after— 
o 5 i > i este smotic 
Extract or solution used to moisten substratum pressure 
22 hours | 46 hours | 121 hours 
Sugar-beet variety: Atmospheres | Percent | Percent | Percent 
ER a eh ch ies ook ee foes 8.48 0 3 3 
68 (extract diluted with 2 parts water)_._._._._-______-- 3.36 9 9 25 
68 (extract filtered through kieselguhr and carbon black) - 6.08 0 4 12 
_ | Sa Ale a ae am Exaseeotes Siig Gnd eters dea 8. 25 1 2 3 
ee evades ancnbcapecemeskers 8.48 13 33 39 
MIE TTIEI to sc. ooo ene ecias ase P Reka fate eee ma A 8.57 13 29 39 
IN 2 SS a 0 pe oh en eae 8.48 17 45 57 
re Siresier Sa caw hacks esuseecen eed enris Age aban ee 8.37 25 63 73 
NI So ae nica Seep cei be onbaranueeretees 0 54 92 94 

















TOXICITY OF AMMONIA 


RELEASE OF AMMONIA DuRING GERMINATION 


The known instability of urea and a faint odor from the urea, 
similar to that from seed-ball extracts, suggested that ammonia might 
be released during germination. 

Germination tests were conducted with naked sugar-beet seeds on 
seed-ball extracts and chemical solutions hermetically sealed in glass 
dishes. After 71 hours 2 liters of ammonia-free air was passed 
through the dishes and Nessler’s solution. The results of this test 
showed that ammonia was liberated from all the seed-ball extracts 
and solutions containing nitrogen and that there was an increase in 
alkalinity during germination (table 5). A comparison of the effect 
of the dilute ammonia and urea solutions (table 5) shows that the 
concentration of ammonia was greatest at the beginning of the test 
in the dishes containing the ammonia solution; germination was 
completely inhibited, and alkalinity was high but decreased during 
the test. The dishes containing urea solutions started with a com- 
paratively low pH and low initial concentration of ammonia, which 
allowed some germination to start. During the test, however, the 
ammonia and alkalinity both increased to the point where more 
ammonia was in equilibrium with the air in the dishes containing urea 
than in those containing the ammonia solution. The behavior of 
asparagin solutions in this test was also interesting. Evidently very 
little ammonia was released until after about 2 days, when some 
apparently normal germination had taken place. Soon after this, 
however, the seedlings turned brown and no further germination 
occurred. This delayed action was evident in all subsequent tests 
with asparagin. 
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TABLE 5.—Free ammonia content of air drawn through vessels containing naked 
sugar-beet seeds germinating on various extracts and solutions 





































Results after 71 hours 

Osmotic pH of -— 
Extract or solution pressure Bor ull Naked 
r | pH _ {seeds ger-| Nitrogen! 
| minated 

Sugar-beet variety: Atmospheres Percent Mg. 
TREES PRES EE eee aeC chore 8.48 6.27 8.20 9 0.027 
SRD os nena cbeepewes 6. 08 5. 50 7.65 29 . 009 
U. 8. 12-B (extract) - - 9.62 5. 20 7.80 20 010 
U.S. 12-C (extract) -- 12. 27 4.75 7. 54 16 . 010 
U. 8. 12-D (extract) 4. 28 5. 50 8.16 21 - 015 
Ammonia (0.4 mg. N per ml. " conuccct | 90:90 8.16 0 . 050 
Urea (1.9 percent) é 8. 25 7.00 8. 55 3 . 080 
Urea+1 percent NaCl? ate! 8.30 5.13 8.06 15 . 040 
Asparagin (4.2 percent) ELA ace SEER See: Rerun tye ae! UE awe 8.00 31 - 060 
As aragin+1 percent N Cl?_ 4 me 8.30 4.33 8.10 40 . 030 
I ee 8.57 | - 5.75 7.72 32 . 009 
METI on on sie cadence ewdeccens 8.48 5. 20 6.48 35 - 005 

I ae fe eS or a oS Sl ee N  lectace 6.20 96 0 

! As ammonia in 2 liters of air. 
2 Contained approximately 1 mg. of nitrogen per milliliter. 





Further evidence on the relation of the rapidity of ammonia release 
from nitrogenous compounds to toxicity was obtained in an experi- 
ment with seed-ball extracts. In this test the ammonia from the 
most readily broken down nitrogen compounds was removed from 
the seed-ball extract, and the toxicity of the modified extract was then 
compared with a portion of the same extract from which practically 
no ammonia had been removed. Two hundred milliliters of heated 
seed-ball extract was divided and 25 ml. of an extract from germinat- 
ing seeds was added to one of the 100-ml. portions (A). An equal 
amount of heated extract from germinating seeds was added to the 








FigurE 3.—Relation of the nitrogen content of seed-ball extracts to delayed 
toxicity: A, Seed-ball extract from which 0.272 mg. of nitrogen as ammonia 
per milliliter was removed prior to testing toxicity; B, seed-ball extract from 
which practically no nitrogen had been removed prior to testing toxicity. 
Note almost complete inhibition of germination in B and delayed toxicity in A; 
darkening of sprouts in A is typical of ammonia injury. 
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other portion (B) of seed-ball extract, and both mixtures were incu- 
bated for 4 days. Both samples were then aspirated; 0.272 mg. of 
nitrogen as ammonia per milliliter of solution was removed from A, 
while only 0.002 mg. was removed from B. Both samples were then 
heated to stop further action, and their toxicity to germinating seeds 
compared. Although the final pH of both lots after 90 hours of 
germination was practically the same and sprouts from both samples 
were ultimately killed, germination counts showed that the removal 
of more ammonia from A resulted in increased germination (fig. 3, 
Aand B). Forty-eight percent of the seed on the seed-ball extract 
from which very little ammonia had been removed germinated in 
90 hours, while 81 percent of the seed on the seed-ball extract from 
which the larger amount of ammonia had been removed germinated. 


Toxic Errect or AMMONIA ON SuGAR-BEsT SEEDS AND SEEDLINGS 


To obtain further information on the effect of ammonia, tests were 
conducted to determine the tolerance of seedlings and older sugar-beet 
plants to ammonia solutions and sugar-beet seed-ball extracts. Three- 
week and two-month-old plants were supported through corks and 
their roots submerged in seed-ball extracts and in an ammonia solution 
containing 0.4 mg. of nitrogen as ammonia per milliliter. All of the 
smaller plants collapsed within 4 hours. The roots of the larger 
plants turned black, and the leaves began to dry in 18 hours. Water 
checks started at the same time were still living at the end of 2 months. 

In another test small seedlings were placed in water culture and 
the vials put in a larger container. Enough of the above-mentioned 
ammonia solution was placed in the large container to cover the bot- 
tom to a depth of one-quarter of an inch, and the large container was 
then sealed. Although the small seedlings were not in contact with 
the ammonia solution, within 2 hours sufficient ammonia had accu- 
mulated within the aerial parts to cause their collapse. Subsequent 
tests, reported in table 6, showed that ammonia concentrations above 
0.1 mg. of nitrogen per milliliter decreased germination of naked 
sugar-beet seeds. Further tests (see fig. 4) indicated that much lower 
concentrations of ammonia, if effectively maintained, would inhibit 
germination. 


TABLE 6.—Influence of several different concentrations of free ammonia on germina- 
tion of naked sugar-beet seeds 





PH Of solu-; Naked seeds germinated after— 
PH of fresh | tion after 
solution germina- 





Nitrogen! (milligrams) 





tion 22hours | 65 hours 120 hours 
Percent Percent Percent 

Water (check) _____- 2 rg eT ea 5. 57 6. 20 53 95 95 
Ne ae SS ar 8. 50 6. 51 47 96 96 
9. 35 7.01 39 93 93 

9. 90 7. 51 21 69 74 

10. 20 8.12 12 56 57 

10. 30 8. 30 7 12 14 

10. 50 8. 40 0 0 0 

10. 72 8. 53 0 0 0 























' As ammonia per milliliter of solution. 
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NiTrRoGEN ANALYSIS OF SuGarR-BEET SEED-BaLL Extracts AND CHEMICAL 
SoLuTions BEFORE AND AFTER GERMINATION 


To determine whether toxic amounts of ammonia were released 
from certain chemical solutions and seed-ball extracts by germinating 
seed, nitrogen analyses were made on seed-ball extracts and chemical 
solutions immediately after-their preparation and also after their 
recovery from the cotton substratum on which naked sugar-beet seeds 
had been germinated for 5 days. The results of these analyses are 
shown in table 7. Free ammonia was liberated from the nitrogen 
compounds of all the extracts and synthetic solutions. The presence 
of the liberated ammonia is reflected in the rise in pH. The pH 
values after germination (table 7) did not rise so high during ger- 
mination as in several other instances where germination was con- 
ducted in smaller dishes and on thinner substrata. The significant 
data in table 7 are the increases in the amount of free ammonia in the 
substrata after seed germination. The amounts in most instances are 
more than sufficient to cause inhibition of germination, especially 
since the ammonia was released during germination and tended to 
increase as germination proceeded rather than to be decreased by loss 
or neutralization, as was evident in tests where ammonia solutions 
were used. The amounts of combined ammonium ion serve to indi- 
cate the relative buffering capacities of the solutions or extracts. No 
significance was attached to the small changes in amide nitrogen. 
Residual and total nitrogen determinations were merely checks on 
technique. 


TABLE 7.—Analyses of the nitrogenous constituents of sugar-beet seed-ball extracts 
and solutions of urea and asparagin 


{Analyses of fresh solutions and of solutions recovered from substrata on which seeds had been germinated] 





Fresh solution Solution after germination (5 days) 





£ Pees s as 
Source of extract cr Nitrogen ! as Nitrogen ! as 


synthetic solution 





Com- + a,| Resid- Com- +aa| Resid- 
bined | Amide) yay | Tot ree | bined | Amide)” yal 
NH?| ° n |! NBs) WH) | N 








Sugar-beet dessins 5 ae Mg. | Mg. Mg. | Mg. | Mg. | Mg. 

68_- seg 0 0. 199 0. 044 0. 157 
. 067 034 . 201 
. 216 . 187 | . 575 
. 020 - 066 | . 361 
. 034 5 . 534 


-085 | .012 | . 102 


U. 8. | i ‘ . 132 |1. 097 

y . 07: . 163 | . 666 
Urea-+1 percent NaCl_| 5. ‘ . 198 | . 799 
a +1 percent 


Sista ete 


- 386 | . 437 









































1 Measured as milligrams per milliliter of solution. 
AMMONIA RELEASED BY E-NzyYMATIC HYDROLYSIS 


Further studies were conducted to determine the source of the 
hydrolytic agent responsible for the release of free ammonia from 
seed-ball extracts and certain chemical solutions containing organic 
nitrogen. Two sets of Petri dishes were prepared for germination 
tests. The substrata of one set were moistened with sugar-beet 
seed-ball extract and those of the other with 0.25-percent urea solution. 
The dishes were covered and steamed at 20 pounds’ pressure for 30 
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minutes and were then cooled, and naked sugar-beet seeds that had 
been shaken with toluene were placed in one-half of each lot of dishes. 
All planting was done under a General Electric germicidal lamp 
(2,537 A. U. radiation) in a closed inoculation chamber. After 93 
hours the liquid was recovered from the dishes and immediately 
analyzed. The result of the analysis (table 8) indicates that the seed 
carries a hydrolytic agent that is probably enzymatic in character. 

Tests were run in which germinating seeds were ground and ex- 
tracted with water. This extract was added to sugar-beet seed-ball 
extract and chemical solutions, and analyzed immediately after mixing 
and after periods of incubation at 30° C. One flask containing seed- 
ball extract and the above-mentioned extract from germinating seed 
was heated at 20 pounds’ pressure for 30 minutes. The analyses are 
presented in table 9. It is evident from the data in table 9 that an 
extract prepared from germinating beet seed has hydrolytic properties 
similar to those of intact germinating seeds and that this hydrolytic 
agent is heat-labile. 


TABLE 8.— Nitrogen released by germinating sugar-beet seeds under sterile conditions 


[Seeds were washed in toluenc] 





Nitrogen as 
Treatment pH free ammonia 
| per milliliter 





Milligrams 
Sugar-beet seed-ball extract (no seeds) _____.__...._-_-.------------------ sekeccwweh tee 0. 007 
Sugar-beet seed-ball extract (50 seeds per dish)_..........-.---.-- < i . 254 
9.25 percent urea (no seeds) ; . 032 
0.25 percent urea (50 seeds per dish) 3.6 . 443 








TABLE 9.—Analyses of seed-ball extracts and of chemical solutions incubated in glass 


bottles at 30° C. with a solution prepared from germinating naked sugar-beet 
seeds 





Nitrogen per milliliter of solution 





Incu- 
Source of extract or solution bation Com- 
period ta bined 


Amide | Residual| Total 
Not | N N N 





Sugar-beet variety: Days Mg. 4 Mg. Mg. 
0 


0. 542 
oR Sa ee mee ae ieee amy dates a EEC - 189 
.170 
“4 
U.S. 12-D (steamed at 20 pounds’ pres- : ‘= 
sure for 30 minutes) ‘004 
0 
. 301 
. 305 


4 0 
Asparagin+1 percent NaC] . 324 
6 f . 350 


R 0 
Urea+1 percent NaCl_.._..........-_--- .217 


325 


























The previous tests indicated the presence of urease, asparaginase, 
and probably other proteases. The presence of urease in naked sugar- 
beet seeds was shown by employing the technique described by Annett 
(1). Five grams of naked sugar-beet seeds was ground to a fine 
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powder and shaken with 50 ml. of distilled water in the presence of 
toluene for 1% hours. The mixture was filtered, and 10 ml. of the 
filtrate was added to 50 ml. of 0.25-percent urea solution. Some of 
the samples received 0.5 ml. of toluene each; no toluene was added to 
the others. Five ml. of the mixtures was titrated immediately with 
0.035 N hydrochloric acid (HCl) and like amounts at various intervals 
thereafter over a period of 165 hours. Methyl red was used as the 
indicator. The results are shown in table 10. It is evident from the 
data in table 10 that the urease content of sugar-beet seed is very 
low as compared to that of soybeans, swordbeans, or jackbeans, and 
that the hydrolysis is decreased by the addition of toluene. The 
decreased hydrolysis in the presence of toluene may have been due 
to decreased activity of urease or to slight microbial action in the 
absence of toluene. 


TABLE 10.— Urease content of naked sugar-beet seeds ' as indicated by the quantities 
of hydrochloric acid (0.035 N) used in titrations 





Hydrochloric acid required with— 





Time elapsed from beginning of test (hours) 


- . Urea+ 
Urea (toluene Urea-+ 
z cialis enzyme+ 
check) enzyme toluene 





Milliliters Milliliters Milliliters 
F 0. 10 








0 0. 10 
0 .42 -40 
0 1.00 . 90 
0 1. 60 1.48 
9 2.08 1.92 
0 2.95 2. 25 
0 3. 50 2.40 
0 4, 20 2. 58 
pH pH pH 
NL 0G AMINE oo. eds Sa cco we cas eue cess cuanevane 6. 70 8. 73 9.00 














15 ml. of sample titrated with 0.035 N hydrochloric acid; methyl] red used as indicator. 
pH STUDIES 


The ammonia toxicity previously encountered was associated with 
arise in pH. Therefore, to evaluate separately the influence of pH 
and ammonia, further tests were conducted. The changes in the pH 
of several seed-ball extracts and solutions that were observed during 
germination tests are shown in table 11. Several attempts were 
made to stabilize the pH of extracts at low values and the pH of 
prepared solutions at high values to test the range at which seeds 
would germinate. Several buffer solutions were tried, none of which 
successfully stabilized pH during germination. The results of some 
of the tests are given in table 12. The addition of either citric acid 
or calcium sulfate to seed-ball extracts retarded the toxic action on 
germinating seed and permitted greater sprout development. Ulti- 
mately, however, the killing of root tips was just as pronounced and 
the rise in pH nearly as high as when no buffer was used. The effect 
of germinating seeds on prepared solutions of high initial pH was 
similar to that already noted on ammonia solutions. The drop in pH 
of these solutions must have been brought about by the buffering 
action of organic acids and carbon dioxide liberated during germination, 
which indicates that the initial stages of germination can proceed 
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when alkalinity is relatively high. Further tests to determine the 
influence of alkalinity and of ammonium hydroxide on the germination 
of seeds and growth of sprouts were made by subjecting the thin 
cotton substrata on which the seeds were placed to a continuous flow 
of solutions of definite pH values. 


TABLE 11.— pH values of several sugar-beet seed-ball extracts and of chemical solutions 
before and after naked sugar-beet seeds had been germinated on them for 7 days 

















oa dence baer men ct in 
pH of fresh} after seeds were| pH before and 
Source of extract or solution solution | germinated on | after germi- 
them nation 
TE. a Sey GEO a ee S Sl Se ate 15,57 6.81 1,24 
Sugar-beet variety: 
MD ee a a an ude Sens cunaeb a isigeiononal 5. 50 7.99 2.49 
See SO iv kn we wiocmusn) ca oow ease ckwe enous 5. 20 7.80 2. 60 
MCSE oe Sec tlcsaeas a Le APO ape Loe Shae 4.76 7. 54 2.79 
ER aye a Og ee Snpeite haakioe Mose ceie hee’ © 5. 50 8. 65 3.15 
U. 8. 12-D (no seeds) - ------ EtcsN un haatance a Q 5. 50 25.79 vs) 
68 peer es ocx es 6. 27 &. 63 2. 36 
4. 33 8. 35 4. 02 
aes aee §.13 8. 43 3. 30 
7.00 8. 55 1.55 
> Dies ate Wa tahis ata ae hee ae a ee 5.75 7. 22 1.47 
(NH4)28O4__. _- es See se Secs 5. 20 6.48 1, 28 
UAE CREO 8 ONC | Si nA Ae SES 10. 50 8.40 —2.10 
0.20 mg. N as NH per ml__._- Pee ate se ee Sota 10. 20 8. 05 —2.15 

















1 Average of several measurements during tests; has no significance except to show trend of change during 
germination tests. , re 
2 Check to show pH change without germinating seeds. 


TABLE 12.—Influence of buffers on change in pH of extracts and several solutions 
during germination of naked sugar-beet seeds 











PH of solu- | Gormina- Naked 
e z F pH oftresh| tion after “igs seeds 
Source of extract or solution solution seed had hen germi- 
germinated ree nated 
Sugar-beet variety: Hours Percent 
U.8.12-D. Diluted 1:1 with citric acid solution__-- 4. 20 8.78 126 86 
U.8.12-D. Diluted 1:1 with water. .............. 5. 50 8. 83 126 7 
U. 8. 12-D. Diluted 1:1 with calcium sulfate 
NN ce as cea c axa neubaneeee 5. 00 8. 57 94 82 
i 8.10 6. 70 72 96 
EN SRE RIN Uap ans a ery Sa ee 8. 80 6.90 72 94 
10. 70 7.18 72 96 
OS SIS LEAT P CT 2 5ERS Serpe 10. 60 8. 08 7 86 
SS FEE een 8. 20 6.90 72 94 
Disodium phosphate plus sodium carbonate plus 9. 25 8. 67 88 92 
ESS REECE Bier 9. 68 9. 12 88 88 
8.72 7.75 41 50 
9. 76 7.90 41 58 
‘oes ; i 6 
1-percent disodium phosphate plus sodium hydroxide. = 2 : : ° - 
11.12 8. 55 41 42 
11.70 9. 21 41 8 

















In a test designed to determine the effect of a maintained pH as 
obtained by a continuous flow of solution through the substratum, 
the following method was used. The seeds were placed on the cotton 
substratum, after which the Petri dishes were covered and sealed 
with wax, and a flow of about 100 ml. per hour was allowed to drip, 
through a sealed-in glass tube, on the upper edge of the cotton, then flow 
through the substratum to the opposite side of the dish, and discharge 
through a small hole drilled in the bottom of the dish. A small end 
of the cotton substratum pulled through the hole in the bottom of 
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the dish served as a wick to remove the excess solution without allow- 
ing the entrance of air. The results of these tests (tables 13, 14, and 
15) show that seeds will germinate at a fairly high pH on such solutions 
as monopotassium phosphate (K H,PO,) and sodium carbonate (Naz,CQ;), 
where potassium hydroxide (KOH) was used to raise the pH. Some 
injury was noticed at the higher pH values on sodium carbonate solu- 
tions, but this was slight compared to that produced by ammonia at 
much lower pH values. The relative effect of the three kinds of 
solution on germination percentage and the increased effectiveness of 
maintained concentrations are shown in figure 4. 


er _oKH2PO, + KOH 
ea 
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Figure 4.—Effect of pH and ammonia concentration (mg. N per ml.) on the 
germination of pelelit uiaieb-tneet: seeds: A, Relative effect of high pH value due 
to ammonium hydroxide and other bases, in a continuous flow experiment; 
B, relative effect of maintaining the concentration of ammonia by a continuous 
flow of solution through substratum and of using 9 ml. of solution at beginning 
and not changing solution. 


TaBLE 13.—Influence of a solution of monopotassium phosphate and potassium 
hydroxide on the germination of cucumber and naked sugar-beet seeds } 














20 hours 44 hours 
pH of cS 
Kind of seed supply 
solution Seeds ger- 4 Seeds ger- H 
minated = minated Pp 
Percent Percent 

. 30 56 7.37 100 7.18 
9. 40 52 7.77 100 6.75 
Cucumber seeds... ......-.------ perd 9. 98 44 9. 35 92 8.31 
10. 68 40 10. 52 96 10. 12 
11. 06 44 10. 83 84 11.01 
8.30 54 7. 67 88 7. 65 
9. 40 54 8.18 92 7.40 
Naked sugar-heet seeds.........---.-- 9. 98 54 9. 76 96 9, 48 
10. 68 54 10. 63 96 10. 55 
11. 06 68 11. 03 90 11. 01 




















11 gm. of KH2P0, per 18 liters of solution; KOH used to raise pH to value noted. 
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It is also evident from table 15 that the amount of ammonium salt, 
present at a fairly high pH is important. The solution having a pH 
of 9.31 and containing 0.067 mg. of nitrogen per milliliter showed 
greater toxicity than the one having a pH of 9.72 but containing only 
0.029 mg. of nitrogen per milliliter. The fact that, when the concen- 
tration is maintained, a solution containing a very small amount of 
ammonia may be toxic has apparently not been recognized. 


TaBLE 14.—Influence of sodium carbonate solutions at various pH values on the 
germination of cucumber and naked sugar-beet seeds 




















| 
18 hours 41 hours 68 hours 
oe pH rs 
“s added to | supply 
Kind of seed 18 liters solu- | Seeds Seeds Seeds Average 
of H,0 tion | germi- pH germi- pH germi- pH length of 
nated nated nated sprouts 
Grams Percent Percent Percent Mm, 
0.3 8.7 84 7. 54 92 7. 68 96 7. 82 17.4 
1.0 9. 60 88 8. 88 96 9. 06 96 9. 20 20. 4 
Cucumber seeds. - __- 2.1 9. 96 84 9. 35 100 9. 58 100 9. 57 14. 4 
3.0+ KOH) 10.62 88 9. 98 96 | 10.57 96 10. 25 6.5 
3.0+ KOH)! 11.34 88 10. 98 100 10. 99 100 10. 96 5.5 
ro 8.76 66 7. 60 94 7. 84 94 7. 80 6.0 
1.0 9. 60 64 8.92 96 9. 20 96 9.10 4.6 
Naked sugar-beet |{2.1 9. 96 60 9. 44 84 9. 48 92 9, 52 3.7 
TI Stale ogi ik er oe 3.0+ KOH) 10.62 64 10. 22 82 10. 25 94 10. 22 3.0 
3.0+ KOH)! 11.34 52 11.03 68 11.02 88 11.02 2.2 


























TABLE 15.— Influence of ammonia solutions at various pH values on the germination 
of cucumber and naked sugar-beet seeds 









































| 24 hours 48 hours | 72 hours 
PH of ie POR eS 
rs supply | Nitro- | 
Kind of seed solu- | gen! Seeds Seeds | Seeds Average 
tion | germi- pH germi- pH germi- pH length of 
nated nated | nated sprouts 
Milli- Milli- 
gram Percent Percent Percent meters 
8. 48 0.014 80 8.05 88 7. 94 92 8.07 24. 00 
ye 9. 31 2, 067 8 9. 09 92 9. 29 96 9.19 2.44 
Cucumber seeds... .___ 9.72 "029 40| 9.46 84| 9.63 92 | 9.50 3. 48 
10. 38 . 647 0 10. 16 0 10. 37 0 10. 28 0 
8. 48 .014 74 8. 27 90 8. 38 96 8.18 6. 00 
” 9. 31 2. 067 16 9. 18 22 9. 29 22 9. 25 . 38 
Naked sugar-beet seeds.|) 9 79 “029 28 | 9.50 52| 9.68 62| 9.65 1 34 
10. 38 . 647 0 10. 12 0 10. 38 0 10. 32 0 











! Measured as milligrams per milliliter of fresh solution. 
? The pH value of this solution was overstepped; a small amount of phosphoric acid (HsP 0.) was therefore 
added and the pH readjusted with NH,OH. 


INFLUENCE OF OSMOTIC PRESSURE AND AMMONIA ON THE GERMINATION OF 
CERTAIN SEEDS 


_ The toxicity of the water-soluble extract from sugar-beet seed balls 
is not specific for sugar-beet. seed but also affects the germination of 
several other seeds. Table 16 shows the effect of sugar-beet seed-ball 
extract on the germination of onion, lettuce, radish, cucumber, 
cantaloup, tomato, sweet corn, and bean seeds. The germination of 
some of these seeds was totally inhibited while that of others was 
merely retarded. There was either an inhibitory or retarding effect 
“a “~ germination of all kinds of seed on which the extract was 
ested. 
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TaBLE 16.—Influence of seed-ball extract of sugar-beet variety 68 on germination of 
seeds of various plants 





Seeds germinated after— 





| 
19 | 45 64 90 138 
hours | hours | hours | hours | hours 


Kind and variety of seed Treatment 





; Percent Percent| Percent) Percent) Percent 
Sugar beet (Variety 68, naked) ft ssa a % 88. 
- 


Ex rac! 
Radish (Scarlet White Tip) _- boos aga --- 


Lettuce (New York No. 12)......._-- toned (check) -.... 
Cucumber (Klondike White Spine) b= papa 
rae r (check) _.__. 
eee. 
pobrmed (check) ____- 
Extract ___- - 
Cantaloup (Hale Best) —— 


Sweet corn (Golden Bantam). { Water te 


Beans (Red Kidney) __-- 


x 


Bosoko 
BoBrwSaB 


cocoscococoo& 


=z 


Onion (Sweet Spanish, or Valencia) __-_-_- 


= 90 
BO 





Tomato (New Stone) 


Soba BSwSSoBnw Fuk 


_ 
x 
uo 








cuckohoSoBSEokwSwF 


oo 








oo 
oun 





1 Tips of radicles barely visible; no subsequent growth. 
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OSMOTIC PRESSURE(ATM.) 

FicurE 5.—Effect of osmotic pressure on the ultimate germination of several 
kinds of seeds on a substratum moistened with a sodium chloride solution. 
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TABLE 17.—I nfluence of osmotic pressure on the germination of several kinds of seeds 


[Substratum moistened with water, sucrose, and a sodium chloride solution] 





Seeds germinated after— 























Water (check) 
Sucrose - - . --- 






















rs : a : Cite (ee ree 
d and variet: seec Ss se | 
Kind a ariety of seed | olution used pressure ie * os | vf | ie 
| | hours | hours | hours | hours | hours 
| | | 
— ——|—— || - 
| Atmas- | | 
pheres |Percent \Percent | Percent | Percent | Percent 
Water (check)....|........-| | 81| | 95 * 
2.12 ol eee a lige brea 
4. 20 | 25 | 56 | 61 | 67 | a 
6.12 | 23 Sa}: 62) OPibwsos ee 
ee REE eS 8. 40 | 3 | AT | 55 | 59 | 
+ sta TY 2,5 2 | 20 | 26 | s 
Radish (Scarlet White Tip) .-| 2 7 4 | 1 | 7 | : aon 
23. 67 | 0 | 0 | 0 | Danses 
2.00 | al 74| 88} 85 |. y 
3. | 5 | 79 |....-.-- 
: | aera 
Sodium chloride - - 7.73 |} 20 46 | 59 | 67 |_- % 
11. 28 | 6 | eae 51 | : 
15. 55 | 0 | 4 | | os eee 
19. 54 | 0 0 | 0 | 0 | 
Water (check) - 90 | 93 96 | 97 | Soe 
212) 71| 81 | 87 | 92 se 
4. 29 ‘7 | 63 | 72 re Re 
Lettuce (New York No. 12).__.|/5ucrase- - - 6.12 | 1 | 16 | 19 | 24 | 5 
8. 40 | 0 | 0 | 0 | 0 | 3 
2.00; 89) %| 9%) 9%6].-...--- 
1 Saar 3.94 | 55 | 72 | 78 | 7 | me: 
Sodium chloride--}) 573) 3| 10 | “TR Sees 
7.73 | 0 | 0 | 0 0 | “a 
Water (check) ---- sedeuet 46 | 94 | 96 98 | 98 
2. 12 | 30 94 | 96 98 | 98 
4. 29 | 4 94 | 100 100 100 
“ 6.12 0 86 | 98 100 100 
Cucumber (Klondike White ee | = + ee . 
Spine) % 12. 55 0 0 0 6 8 
18. 53 | 0 0 0 | 0 0 
| 2.00 | 30 | 96 96 96 | 96 
| 3.94 | 14) 90 100 | 100} 100 
5.78 | o| 92 96 98 | 98 
Sodium chloride - - 7.73 | 0 66 96 100 | 100 
11. 28 | 0 0 36 68 | 80 
15. 55 | 0 0 0 0 | 4 
19. 54 | 0 0 0 0 | 0 
Water (check) - - --|--- | 0 15 69 89 95 
2. 12 | 0 1 SL} 87 92 
4. 29 | 0 2 19 | 73 | 88 
6. 12 | 0 0 i eae 78 
||Sucrose.......--. io 4 lS Se ee 
Onion (Sweet Spanish, or Va- | 1} 12.55 0 | 0 0 | 1} 16 
lencia). | \} 18.53 | 0 | 0 | 0 | 0 | 2 
| \\ 23.67 | 0 | 0 | 0 | 0 | 0 
| lf 2.00 | 0 | 0} 40 | 80 | 90 
3.94 | 0 | e 23) 7 | 87 
| 5.78 | 0 | 0 | i ee 92 
|\Sodium chloride - - 7.73 0 | 0 | 2 | 39 | 64 
11. 28 | 0 | 0 | 2; 19} 63 
| Cet. 8.2 es ae 
| 19. 54 | 0 | 0 | 0 | 0 3 
| (Water (check) - - -- sl 0 | 1 | 33 | 94 98 
(| 2.12 | 0 | 0 | 5} 78 | 97 
Ho 4. 29 0 | 0 | 0 | 19 7 
|) Suctnse.-------- 6.12 | 0 | 1 | 1 | 1 | 19 
vf , | < | 
Tomato (New Stone) - -. ---.--- | 8.40 | 0 | 0 | 0 | 0 | 0 
| 20, o| of ¢ =. © 
3.94 0 0 | 0 | 8 95 
Sodium chloride - - | | 86 
| | at = 8 


Cantaloup (Hale Best) 


Sodium chloride - - 





429781—41—— 2 
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After it had been demonstrated that there was some differential 
response of several different kinds of seeds to sugar-beet seed-ball 
extracts, further tests were conducted to determine the relative 
tolerance of these seeds to osmotic pressure. The data in table 17 
and figure 5 indicate that there was a differential response to osmotic 
pressure. It is evident that seeds of sugar beet, onion, radish, and 
cucumber were not so sensitive to osmotic pressure as those of lettuce, 
tomato, and cantaloup. Furthermore, there was no typical darkening 
and killing of the sprouts with sucrose and sodium chloride solutions 
such as had occurred when sugar-beet seed-ball extract was used. 

The tolerance of these same seeds to dilute ammonia solutions is 
shown in table 18. All seeds tested were retarded in germination by 
concentrations of from 0.2 to 0.4 mg. of nitrogen as ammonia per 
milliliter. The pH of the substratum was lowered even more than in 
tests with beet seeds. Further tests showed that the germination of 
these seeds was completely inhibited when the concentration of free 
ammonia was maintained, as in the test on cucumber and naked sugar- 
beet seeds (table 15 and fig. 4). 


TABLE 18.—Tozicity of ammonia as indicated by its power to inhibit the germination 
of various seeds 

















N as NH; pH of pH Seeds germinated after— 
per milli- | ‘fresh | after ae en eee 
Kind and variety of seed germinated liter of solu- rmi- 
fresh a icon 48 78 120 

solution on | nation | hours | hours | hours 

Milligram Percent) Percent| Percent 
Radish (Scarlet White Tip) ................-.....- 1 None 5. 57 |__- 60 78 86 
0.1 9. 90 4. 82 64 88 94 
ce | 10. 20 4.78 34 58 88 
3 10. 30 4.99 6 50 64 
.4 10. 50 5.76 2 38 60 
Onion (Sweet Spanish, or Valencia) _._______- 1 None eee 58 76 82 
Fe: 9. 90 4.91 24 82 86 
2 10. 20 5.7: 24 76 84 
3 10. 30 6. 83 4 56 64 

.4 10. 50 8.07 2 10 

Lettuce (New York No. 12)._......--.-- “ aid 1 None 5. 57 84 84 86 
x 9. 90 4.81 92 92 92 
2 10. 20 7. 50 0 0 28 
3 10. 30 7.73 0 0 0 
.4 10. 50 7. 83 0 0 0 
NO |) ES CAR LATS 1 None 5. 57 |_- 60 94 96 
i 9.90 5.17 24 78 86 
2 10. 20 5. 20 6 86 90 
3 10. 30 6. 20 0 66 80 
.4 10. 50 6. 28 0 22 78 
Cantaloup (Hale Best) ............................ 1 None 3 See 58 69 74 
a | 9. 90 6. 80 0 40 76 
2 10. 20 7.18 0 32 60 
3 10. 30 6. 92 0 12 56 
.4 10. 50 7.10 0 0 20 
Cucumber (Klondike White Spine) _-............- 1 None 5. 57 6.10 0 96 100 
S| 9. 90 5. 95 0 100 100 
2] 10.20 5.72 0 94 98 
3 10. 30 6. 65 0 82 96 
4 10. 50 7.31 0 40 98 























1 Water; check solution. 


SOME PROPERTIES OF EXTRACTS FROM SEVERAL DRY FRUITS 


Studies were conducted to determine whether the physical and 
chemical properties of water-soluble extracts of other dry fruits were 
similar to those of sugar-beet seed-ball extracts. Extracts were pre- 
pared from the ripened seeds of lettuce, oats, barley, spinach, and 
celery. Table 19 shows some of the properties of these extracts and 
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also a comparison of their effect on the germination of both lettuce and 
naked sugar-beet seeds. It is evident that the extracts from all of the 
seeds tested had some retarding effect on the germination of both beet 
and lettuce seeds. With the extracts of barley, oats, spinach, and one 
of the lots of lettuce seed, this retarding effect on germination was 
rather small. The extract from celery seeds completely inhibited the 
germination of lettuce seeds and reduced the germination of naked 
sugar-beet seeds. The extract from Grand Rapids lettuce seed inhibited 
the germination of lettuce seeds and reduced the germination of naked 
sugar-beet seeds more than the sugar-beet seed-ball extract with which 
it was compared. Extract from Grand Rapids lettuce seeds had a 
very high total nitrogen content, and a relatively large quantity of 
ammonia was hydrolyzed from it during germination. 


TABLE 19.—Some properties of water extracts from seeds of lettuce, celery, spinach, 
oats, barley, and sugar beets as related to toxicity } 






































Germination of— 
PH of solu- 
‘a tion after nei 
S- germination | Naked sugar- . 5 ai 
motic oy of— beet seeds canoe ds Total Rene 
Kind of extract pres- eae after— nitro- | WHes 
sure |“ gen? | **~* 
| 
Ss -| - . 
beet | tue |, 48 | 96 | 48 | 86 
soos: |eeadn hours | hours | hours | hours 
Atmos- | Milli- | Milli- 
pheres | Percent; Percent; Percent) Percent| grams | grams 
Water (check) 0.00 | 5.57 | 6.81 | 4.51 90 98 97 i ete AEE aL es 
Lettuce (New York | 
| a eee ee 1.20] 5.59 | 6.27) 5.34 88 88 85 88 | 0.087 0. 006 
Lettuce (Grand Rap- | 
LS Sei ei Cle 5. 69 8.18 | 8.39 28 44 0 0} 1.628 . 336 
Celery. .....-- 4.00 5. 97 8.37 | 8.57 60 68 0 0 . 261 . 012 
Spinach. ____- 1, 45 6. 25 8.42 | 8.52 82 82 90 93 . 122 . O11 
es ss Kare we: 5.45 7.70 | 7.65 88 94 51 87 . 254 . 008 
Barley _. : Bs =" 5. 68 7.65 | 7.90 88 88 80 92 . 103 . 006 
Sugar beet (U.S. 
BA eesieeiounaees | 4, 28 5. 68 8. 43 7. 65 36 50 0 0 . 884 . 250 
| | 








' Extracts from dry seeds prepared as previously described for sugar-beet seed-ball extracts. 
? Measured as milligrams per milliliter of fresh solution. 
3 Measured as nitrogen per milliliter of solution after germination. 


SOME PROPERTIES OF PRESSED JUICE FROM FLESHY FRUITS OF TOMATOES, 
CUCUMBERS, AND MELONS 


Tests were run to determine the relationship between the properties 
of dry-seed extracts and the juice from fleshy fruits. Juice was 
pressed from the ripened fruits of tomatoes, cantaloups, watermelons, 
and large green cucumbers. The juices were then filtered and 
sterilized by heating. Several kinds of seeds, whose tolerance to 
Osmotic pressure had previously been determined, were placed on 
cotton substrata moistened with the pressed juice. Some of the 
properties of the prepared juices and their effects on the germination 
of several kinds of seeds are shown in table 20. It is evident that all 
of the seeds used in the test were retarded in germination, and further- 
more that osmotic pressure appeared to be the major factor respon- 
sible. This is in contrast to the relative importance of the two 
major factors responsible for the toxicity of extracts from sugar-beet 
seed balls and other dry fruits. 
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Nitrogen analyses were made of fresh juices of fleshy fruits and of 
the same juices after they had been recovered from substrata on 
which seeds had been germinated. Similar determinations were 
made after incubation with an extract prepared from germinating 
sugar-beet seeds. The average total ammonium nitrogen on five 
lots of tomato juice immediately after adding 15 ml. of an extract 
from germinating sugar-beet seeds to 50 ml. of tomato juice was 
0.109 mg. per milliliter. After 3 days’ incubation this increased to 
0.126 mg. and after 6 days’ incubation to 0.130 mg. per milliliter. 
The average pH value on these samples after 6 days’ incubation 
was 4.42. Evidently the buffering capacity (table 20) was sufficiently 
high to neutralize the free ammonia and render it comparatively 
ineffective as a toxic agent. 


TABLE 20.—Some properties of pressed juice from the fleshy fruits of tomatoes, cucum- 
bers, and melons, and a comparison of their influence on the germination of seeds 
with that of salt or sugar solutions of similar osmotic pressure 





Germination of— 





| 
Os- Naked sug- | 





; Lettuce Tomato | Cucumber | Sodi- 
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hoursjhours hours/hours/hours hours|hours|hours | 
| | | | 
ian scot) Sai Aas ‘Geese GEARS) SAGES GRA WS WGA 9 S Seeietey Ceara 
Atmos-| Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per- Milli- | Milli- 
pheres | cent | cent | cent | cent | cent | cent | cent | cent grams | liters 
Water (check). ______- _| 90| 96]° 94) 99] 18] 78| 94] 94 aes 
Tomato juice________- 8.76 43 54 0 | 0 0 0; 2. 4.20 | 1.048 29.6 
Sugar solution 3_______- 8. 40 67 77 0 | 0 0 0 | 28 US Beep, 
Cucumber juice........| 5.77 72 80 0; 16 2 2 91 92 | 5.77 | .377| 4.4 
Salt solution 3.________- 5. 78 69 7 10 ll 0 0 92 | Ree Ra aS 
Cantaloup juice___-___- 15. 33 16 32 0 0 1 1 | 0 | 6.01 | 1.112 7.0 
Salt solution 3_________- 15. 55 21 34 0 0 0 0 | 0 _S ee Bee 
Watermelon juice__- 12.73 28 32 0 0 0 0 | 0 0 | 5.41 . 481 3.7 
Sugar solution 3_____. 12. 55 40 62 0 0 0 0 | 0 | 0 aes | 
| 











1 Measured as milligrams per milliliter of fresh solution. 

2 Milliliters of 0.035 normal NaOH required to raise 10 milliliters of pressed juice to pH 9; indicates relative 
buffering capacity of the pressed juice. : ; 

3 Data taken from earlier experiment on the effect of osmotic pressure; therefore direct comparison is not 
possible, but general trend is very obvious. 


DISCUSSION 


In the rather extensive investigations that numerous workers have 
made on the factors affecting the germination of seeds in fleshy fruits, 
the only factor that has received common recognition is osmotic 
pressure. At various times such indefinite terms as unnamed “spe- 
cific inhibitors” and ‘metabolic byproducts of germination”’ have been 
postulated as sole or contributory factors adversely affecting germi- 
nation. 

In the present paper the effects of osmotic pressure and other factors 
affecting seed germination in the presence of water extracts have been 
evaluated. Although osmotic pressure may be the major factor 
causing inhibition of germination by fruit juices, evidence is here 
presented that, in the case of water extracts from the seed envelopes 
of dry fruits, free ammonia released from nitrogenous compounds in 
the course of seed germination is a more significant factor. 
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f A summary of the relative importance of the principal factors on 
. which the toxicity of sugar-beet seed-ball extracts was found to be 
” dependent is graphically presented in figure 6. The data, which were 
y taken from table 5, show that free ammonia, pH value, and toxicity 
; are correlated in all cases except one, that of the U. S. 12—C lot grown 
+ on extremely saline soil. The very high osmotic pressure in this case 
‘ was probably a more important factor than the free ammonia. This 
a case also indicates the magnitude of difference in osmotic pressure 
: necessary to depress germination. There was an extreme difference 
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Ficure 6.—Relation of free ammonia, hydrogen-ion concentration, and osmotic 
pressure to the toxicity of sugar-beet seed-ball extracts and a solution of urea. 
fe Lines drawn from the points on the axes serve to aid interpretation of correlation 
ae between factors. The circles indicate boundaries of the figure. 
its, 
tic between the osmotic pressure of seed from U.S. 12—D and that of 
spe- seed from U.S. 12-C. The lack of direct relationship between toxicity 
een and osmotic pressure is indicated by the crossing of the lines in the 
™mi- diagram between the percentage germination and osmotic pressure 
axes. 
tors Sufficient ammonia was released by germinating seeds from water 
een extracts of sugar-beet seed balls and certain other dry fruits to account 
stor adequately for the toxic effects that have been observed when seeds 
vere are germinated in the presence of these extracts. The ammonia 
ypes was hydrolyzed from the water-soluble nitrogen compounds of seed 
s 10 extracts by both germinating seeds and solutions prepared from ger- 
minating seeds. The ammonia released not only neutralized organic 
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acids produced during germination but also caused a sharp rise in 
the pH of the substratum. In the case of sugar-beet and certain 
lettuce-seed extracts, 0.3 to 0.4 mg. of nitrogen as ammonia per 
milliliter of solution was released. Synthetic solutions containing a 
similar amount of ammonia were shown to be toxic to germinating 
seeds. Even smaller amounts of ammonia were toxic when the 
ammonia solution was allowed to flow continuously through the sub- 
stratum so that the concentration was not reduced by neutralization. 

The toxicity of seed extracts and synthetic organic nitrogen solu- 
tions was governed not only by the amount of hydrolyzable nitrogen 
present butalso by the rapidity of hydrolysis. Thus asparagin, which 
was more slowly hydrolyzed than urea, was less toxic than urea during 
the early stages of germination. Since the hydrolytic agent was 
present in the immediate vicinity of the seed, the concentration of 
ammonia was greatest near the seed and the concentrationincreased 
as germination progressed. The greater tolerance of radish and 
cucumber seeds to ammonia solutions was shown to be due more to the 
production of organic acids than to an actual tolerance to larger 
amounts of free ammonia. That free ammonia was the toxic agent 
rather than ammonium salts was shown by the relatively slight inhibi- 
tion produced by fairly high concentrations of ammonium sulfate. A 
solution of ammonium sulfate containing 3.5 mg. of nitrogen per milli- 
liter reduced germination less than did a solution of ammonium 
hydroxide containing 0.3 mg. of nitrogen per milliliter. Still lower 
concentrations of ammonium hydroxide were effective when the con- 
— was maintained by a continuous change of solution (fig. 
4, B). 

The present studies showed that ammonia was toxic not only to 
germinating sugar-beet seeds but also to seedlings and plants that 
were 2 months old. This is in line with the conclusion of Willis and 
Rankin (26, 27), who reported that ammonia released from concen- 
trated organic nitrogenous fertilizer applied to the soil was toxic to 
cotton seedlings. The conclusion of Willis and Rankin was challenged 
by Tiedjens and Robbins (24), who claimed that plants grew as well 
when ammonium hydroxide was used as the sole source of nitrogen as 
when some other form such as ammonium sulfate or calcium nitrate 
was used. However, the pH of the nutrient solutions of Tiedjens and 
Robbins was evidently very unstable. Starting with an initial pH 
as high as 9.0 in a continuous-flow experiment, the highest pH value 
recorded on the solution after passing through the sand culture was 
3.8. It is evident that very little free ammonia was maintained in 
contact with the plants. 

Fife and Frampton (5) reported that when sugar-beet plants were 
subjected to high concentrations of carbon dioxide there was a distinct 
rise in the pH of the juice extracted from the leaf blades owing to the 
liberation of ammonia from amides and other soluble nitrogenous com- 
pounds. They further demonstrated that the amount of ammonia 
released was dependent on the original nitrogen content of the leaves. 

The toxicity of seed extracts varied between species and varieties 
and between different seed lots of the same variety. This variation 
was influenced by several factors such as the amount of nitrogen 
present in the extracts, the rapidity with which it could be hydrolyzed 
to ammonia, and the buffering capacity of the seed extract. This 
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latter factor was found to be of special importance in the case of 
fleshy-fruit juices and will be discussed more fully later. 

Among the factors that influence nitrogen content of seed are nitro- 
gen nutrition and genetic constitution. Pucher, Curtis, and Vickery 
(17) have shown that betanin, the red pigment of the beet, contains 
approximately 6 percent of nitrogen. Keller (8) has shown that color 
differences in beets are due to differences in genetic constitution, 
although environmental factors may also play a part in determining 
how the genetic factors are expressed. One of the very apparent 
characteristics of sugar-beet variety 68 was its comparatively high red 
pigmentation of seed pericarp, which may be the source of some of the 
nitrogenous compounds that are water soluble and from which 
ammonia is hydrolyzed during seed germination. 

The relation of color to nitrogen content may be more important 
in the case of lettuce varieties. Of the varieties studied, seed of the 
Grand Rapids variety was conspicuous by its black color and high 
nitrogen content. Data reported in this paper indicate that at least 
twice as much free ammonia was released from the water extract of 
lettuce seed of the Grand Rapids variety as was necessary greatly to 
retard or inhibit the germination of lettuce seed in Petri dishes. 
Knowledge of the fact that relatively large amounts of free ammonia 
are released from some lettuce-seed extracts offers an explanation 
for the phenomena reported by Shuck (20, 21). Shuck found that 
when lots of seed of some varieties of lettuce are successively ger- 
minated on the same substratum byproducts of germination accumulate 
which have an inhibitory action on germination. He stated that 
when these substances have accumulated to a point at which no more 
seeds willgerminate the substratum can then be washed and seeds will 
again germinate normally. It is evident that during the germination 
of successive lots of seed on a moist substratum soluble nitrogen 
compounds would accumulate so that eventually there would be a 
condition similar to one where the cotton was moistened with seed 
extract. 

Thompson (22) reported that some varieties of lettuce are hard to 
germinate but that others are germinated readily. He stated that 
seed of the Grand Rapids variety is generally hard to germinate and 
gave data to show that this difficulty could be largely overcome by 
both soaking and drying the seed at low temperature. It is evident 
that the removal of water-soluble nitrogen during the soaking process 
would minimize any damage that otherwise might result from the 
release of ammonia by the germinating seed. Thompson also pre- 
sented data to show that certain conditions of light and temperature 
following the soaking or washing treatment further increased germina- 
tion. The effect of light and temperature may be entirely different 
from the effect of washing and may have no connection with preven- 
tion of damage from free ammonia. Later, Thompson and Kosar (23) 
reported several sulfur compounds such as thiourea, thiosemicarbazide, 
etc., as stimulating the germination of dormant lettuce seed. The 
comparable compounds containing oxygen in place of sulfur or hexa- 
valent sulfur such as sulfate were either ineffective or toxic to germina- 
tion. The nature of the chemicals that stimulated germination, all 
of which contained divalent sulfur, suggests the possibility that they 
may have influenced the amount of free ammonia present by either 
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retarding enzymatic hydrolysis or by chemical combination. Tests 
conducted by the authors have shown that sugar-beet seed balls 
previously soaked in a solution of thiourea germinate more uniformly 
and show less injury after long periods of cold storage, such as are 
used in vernalization tests, than with any other treatment thus far 
tried. In tests with sugar-beet seed-ball extracts, where the principal 
inhibiting factors are known to be hydrolyzed free ammonia and 
osmotic pressure, the addition of thiourea, although it increased the 
osmotic pressure, reduced the toxic effect, as shown by increased 
germination percentage and improved appearance of the sprouts of 
the test seeds. 

Much of the inhibitory effect of tomato, cucumber, and melon 
juice on the germination of sugar-beet, tomato, lettuce, and cucumber 
seed can be accounted for by the osmotic pressure of the juice. 
Lavialle (10) and Litvinov (/2) stated that the essential cause of the 
inhibitory action of all fruit juices is osmotic pressure. When seeds 
were germinated on a substratum moistened with tomato juice, the 
low initial pH of the juice and its high buffering capacity prevented 
the release of free ammonia. Some nitrogenous compounds in the 
tomato juice were hydrolyzed during germination tests, but the high 
acidity of the tomato juice held the ammonia in a combined form and 
prevented it from being a major factor in germination inhibition. 
Litvinov stated that the active acidity of the tomato juice was not 
responsible for any inhibiting action, but that on the contrary an 
increase in inhibition occurred when the pH of the juice was raised 
to 6.5. It is easy to see that a rise in the initial pH of the tomato 
juice might make the release of ammonia a more important factor. 
In fact, tests conducted by the authors showed that tomato juice 
increased in toxicity as the pH was raised and that sugar-beet seed- 
ball extracts decreased in toxicity when they were buffered at alow pH. 

Ammonium hydroxide solutions seemed to have some effect on 
germination other than that accounted for by a rise in pH, even though 
the rise in pH of the substratum on which seed had germinated cor- 
responded rather closely with the extent of injury. It was shown that 
ammonium sulfate at a low pH was not very toxic, and also that seeds 
were able to initiate germination and subsequently neutralize sodium 
hydroxide or sodium carbonate solutions having an initial pH between 
11 and 12. By using a continuous flow of fresh solution through the 
substratum on which seeds were placed and protecting the solutions 
from any neutralizing influences of gases such as carbon dioxide, it was 
possible to determine the effect of a maintained pH. The data showed 
that ammonium hydroxide at pH 9.3 to 9.7 was more toxic to germina- 
tion and growth than either potassium phosphate or sodium car- 
bonate at a pH of more than 11. Ammonia solutions at a pH 
slightly above 10 completely inhibited germination. The data also 
showed that at pH values above 9 the amount of ammonium ion 
available for release as free ammonia may also be a critical factor in 
the germination of seeds. 

SUMMARY 


Studies are reported relating to the properties of dry- and fleshy- 
fruit extracts that are responsible for toxic and inhibitory effects on 
germinating seed. 
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In the case of sugar-beet seed-ball extracts, the toxic effect on 
germinating seed was shown to be largely due to the toxic action of 
ammonia, which was released from the nitrogenous compounds of the 
extracts by enzymatic hydrolysis. 

The presence of from 0.3 to 0.4 mg. of free ammonia per milliliter of 
solution was toxic to germinating seeds, young seedlings, and 2-month- 
old sugar-beet plants. 

Sufficient ammonia was released not only from sugar-beet seed-ball 
extracts but also from certain other drv-fruit extracts and solutions 
of urea and asparagin to account for their toxic effect on germinating 
seeds. 

Although the ammonia released from sugar-beet seed balls and some 
lettuce-seed extracts was sufficient to cause a rise of 4 units in the pH 
of the solutions, the increase in pH did not completely explain the 
toxic action of the released ammonia. This was shown by the fact 
that ammonium hydroxide solutions at pH 9 to 9.5 were more toxic 
to germinating seeds than either monopotassium phosphate or sodium 
carbonate solution at pH 11 to 11.5. 

The tolerance of various seeds to ammonia solutions and osmotic 
pressure is reported. There was a marked differential tolerance of the 
sceds tested to osmotic pressure, but all seeds were sensitive to am- 
monia solutions containing 0.1 mg. of nitrogen per milliliter when the 
ammonia concentration was maintained. 

In contrast to the major role played by ammonia in the toxic 
action of dry-fruit extracts, osmotic pressure seemed largely to account 
for the inhibition to germination of seeds in contact with juices from 
fleshy fruits. This difference is explained on the basis of the high 
acid-buffering capacity of fruit juices, which prevented the accumula- 
tion of ammonia in the free state. Combined ammonia in the form of 
salts was shown to be comparatively nontoxic. 

The removal of water-soluble nitrogen fractions from the pericarpal 
tissue affords an explanation of the beneficial effects of washing or 
soaking some seeds prior to germination tests. 
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EFFECT OF CERTAIN ENVIRONMENTAL CONDITIONS 
i alan OF OPHIOBOLUS GRAMINIS IN 
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By Hurry FELLows 


Associate pathologist, Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture 


INTRODUCTION 


Investigations of fungi and bacteria in soil have shown that the 
type and number are affected greatly by environment. The effect 
of environmental factors on the prevalence of soil-borne parasites has 
received but little attention, in contrast to the extensive studies of 
the environmental factors affecting the behavior of parasitic organ- 
isms in pure culture or in tests of pathogenicity. In the case of 
soil-borne parasites, information on the behavior in infested soils 
under various conditions is more important than that on the causal 
organisms in pure culture. 

The experiments reported here were made to determine whether 
certain environmental conditions, particularly temperature, moisture, 
and compactness of the soil, favored the retention of Ophiobolus 
graminis Sacc., the parasite that causes take-all of wheat, in naturally 
infested uncropped soils. For comparison, a few experiments on the 
tolerance of this organism to extreme temperatures were conducted 
in pure culture. 


EXPERIMENTAL METHODS 


In the studies of Ophiobolus graminis in pure culture, low tempera- 
tures were obtained by both outdoor exposure and artificial refrig- 
eration. Cultures of 0. graminis were grown on potato-dextrose agar 
in test tubes. Certain of these cultures were kept in an ordinary 
thermograph shelter, and others were buried at progressive depths in 
the soil, where they were exposed to decreasing extremes of tempera- 
ture. The temperatures were measured with maximum and mini- 
mum thermometers and a thermograph. At various intervals during 
the winter transfers were made to find out whether the fungus was 
viable. 

The thermal death point of Ophiobolus graminis growing on potato- 
dextrose agar was determined by the standard method employed by 
bacteriologists, with modifications for fungi. 

In the tests of infested soils the samples were exposed to various 
temperatures by outdoor exposure in flats, in the greenhouse in flats 
and metal pans, and in a freezing chamber in flats; or they were stored 
in a deep cave in cans. Soil samples described as ‘‘moist’’ were 
maintained at approximately 60 percent of the maximum water- 





1 Received for publication December 20, 1940. Cooperative investigations of the Division of Cereal 
Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, and the Department of 
Botany, Kansas Agricultural Experiment Station. Contribution No. 407, Department of Botany, Kansas 
Agricultural Experiment Station. 
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holding capacity, while the dry samples were completely air-dried, 
Looseness of the soil was maintained by occasional stirring, and com- 
pactness by thorough tamping while in a moist condition. 

The severity of take-all lesions on Kanred wheat grown in the 
greenhouse was used as an indication of the presence and extent of 
infestation in a given sample of soil. The method has been described 
previously.’ 


EXPERIMENTAL RESULTS 
EFFECT OF EXTREME TEMPERATURES ON OPHIOBOLUS GRAMINIS IN PURE CULTURE 


Davis * showed that Ophiobolus graminis grows best at about 23° to 
24° C. At 4° growth was exceedingly slight, while at 36° it was 
checked entirely. The fact that the fungus grows only slightly at 
4° C, (39.2° F.) suggested the experiments to determine whether the 
winter cold in Kansas might not only check its growth but possibly 
kill it. These experiments were conducted during the winter of 
1925-26 and 1926-27. 

All the cultures were viable at the end of both winters. The weekly 
maximum and minimum temperatures in the instrument house, given 
in table 1, show that the organisms survived temperatures as low 
as —2° F. Cultures of the fungus also were subjected to repeated 
alternations of temperature ranging from 70° to as low as —20°. 
None of the exposures, shown in table 2, affected the viability of 
the fungus. 

Determinations of the thermal death point of Ophiobolus graminis 
showed that both the microhyphae and the macrohyphae were 
killed when exposed for 10 minutes at 122° F. (50° C.). The fungus 
remained viable after exposure for 10, 20, and 30 minutes to a tem- 
perature of 113° F. (45° C.). Cultures exposed 30 minutes recovered 
more slowly than those exposed for shorter periods. 


TaBLeE 1.—Weekly minimum and maximum outdoor temperatures during winter 
months of 1926 and 1927 when cultures of Ophiobolus graminis were stored out- 
doors at Manhattan, Kans. 





| | Temperature 
| 





| Experi-| 











| | 
Vear Month ment First week | Second week Third week Fourth week 
1. 5S ceaececy eeccnne cece Geen ene eens ieee Gene 
| | Maxi- | Mini- | Maxi- | Mini- | Maxi- | Mini- | Maxi- | Mini- 
mum | mum | mum | mum | mum | mum | mum | mum 
| 
| : or. °F, = -. i. 1-2. ae ae 8 
1926 | January ee 1 : ce IS | 54 | 3 52 | 0 
1926 | February ---- 1 | 56 24 63 20 | 59 | 1 68 28 
1926 | March 1 | 58 14 70 14 78 | 20 
1926 | December -. 2) : 55 -1 48 | 12 57 | 16 
1927 | January__.- } 2 | 64 16 48 —2 36 | 9 64 14 
1927 | February | 2 | 62 30 52 5 | 72 7 70 2 
1927 March _ _- ; 2] 66 9 68 25 | 77 | 23 66 25 
1927 | April | 2 | 77 30 | |. ea Nes eee é 

















? FELLOws, HURLEY, and Ficke, C. H. soll. INFESTATION BY OPHIOBOLUS GRAMINIS AND ITS SPREAD. 
Jour. Agr. Res. 58: 505-519, illus. 1939. 

8’ Davis, Ray J. STUDIES ON OPHIOBOLUS GRAMINIS SACC. AND THE TAKE-ALL DISEASE OF WHEAT. Jour. 
Agr. Res. 31: 801-825, illus. 1925. 
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TaBLE 2.—Time and temperature of exposure in a freezing chamber of pure cultures 
of Ophiobolus graminis 




















Period of freezing Temperature Period of freezing Temperature 
2 Dura- | Mini- | Maxi- Dura- | Mini- | Maxi- 
Date tion | mum | mum | Mean Date tion | mum | mum | Mean 
1926 Hours | ° F. a i 2 199? Hours | ° F. or. nl 
60; 34... <. o.-- 5.0 | 1-13 10. 4 —8.7 || Jan. 6-7__-- 16.5 |!—13.0 30.0 9.5 
ES ee 29.0 |1—20.2 15.8 —1.1 || Jan. 8-15 _-- 81.0 |2?—11.2 30. 2 9.0 
Dec. 9-10__..---- 20.5 |'-—16.6 21.2 —1.3 || Jan. 18-22. __ 38.0 | ?—7.6 30. 2 7.8 
Dec. 11-12_..---- 2.0 |'—16. 6 —4.0 —11.3 |} Jan. 31 ane 9.0) !—5.8 22. 1 4.1 
Dec. 13-14___- .-- 5.5 |!—13.9 1.4 —5.9 Feb. 10-11 164.5 | ?—-5.8 26. 6 —.4 
Dee. 16-17__.--- 25.0 |'—12.1 21.2 —6.1 Feb. 14-15 - 11.5 | *—7.6 —.4 —2.9 
Dec. 20-21-....-- 9.5 | 1-94 10.4 —1.8 || Feb. 17___.._-_-- 8.5 | ?—2.2 23.0 6.3 
Feb. 19___- 7.0 1—,4 24.8 6.3 
































1 Cultures were held at a temperature of approximately 70° F. during the intervals between freezing. 
2 Cultures kept below freezing while the freezing chamber was not operating. 


EFFECT OF EXTREME TEMPERATURES AND DROUGHT ON OPHIOBOLUS GRAMINIS 
IN SOIL 


Numerous experiments were conducted in several years to determme 
whether summer heat and drought would reduce the quantity of 
Ophiobolus graminis in infested soil in the field. These experiments 
were made és comparing the relative abundance of the fungus in the 
upper soil layers with that in the deeper layers, which had been 
subjected to less heat and drought. 

The severity tests with Kanred wheat showed that the fungus was 
reduced somewhat during the summer in the upper 2-inch stratum, 
but the difference in the abundance of the organism between this 
stratum and lower depths down to 10 inches was too small to be of 
practical importance. All the soil strata studied retained sufficient 
infestation to produce severely diseased wheat plants, 

Infested soils were exposed to more severe conditions in the green- 
house. In 1929, 1931, and 1932, soil from infested spots in the field 
was taken to the greenhouse i in the spring, spread in 1-inch layers in 
shallow pans, and exposed unshaded and without watering until the 
latter part of October. In 1932 the tests were duplicated with soil 
samples placed in an elevated position outdoors, where they were 
protected from the rain but exposed to the sun during the summer. 
Control samples were stored in a cool cave. The soils were tested for 
infestation during the winter following the exposure. The results are 
given in table 3, and temperatures of the soil samples exposed outdoors 
in 1932 are shown in figure 1. The temperatures of the soil samples 
stored in the greenhouse are not given, but they were much lower 
than those of the samples exposed outdoors. 

All the soil samples exposed to heat and drought retained enough 
infestation to produce severely diseased plants, but in three of the 
four tests the infestation was reduced to some extent. The experi- 
ment performed in 1931 showed that soil kept in the greenhouse had 
more infestation than the control. However, in this experiment the 
severity rating was high, and when plants are very severely diseased 
it is difficult to make fine distinctions. Consequently, the apparent 
difference may not be very significant 
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TABLE 3.—Severity of take-all on wheat plants grown in the greenhouse in infested 
soil that had been dried in the greenhouse or outdoors, Manhattan, Kans., 1929-32 































































































































| | | | 
Ds A Average 
| Plants having merits 
iz Culms A ies severity of 
= a diseased — = | lesions on— a 
; io3| & a] Sg | = 
Soil treatment ie 5 * Gh een pees $ |— = ¢ 
and year los! Sie] ela] a | ps Re a “a 
eo | > n do & n a an “ 1 n b—] 
2/218 aie Sie TELS | 2/23/)/3|)8/]2/% 
Bigli= |3(/5|/8 18a 12/3/38) 81/21/38) 816 
Sn ee i ha |Z = & | o Oo = =@|oO oO oa n 
=e diate oe | | | | | |] | ef 
| 
Dried in greenhouse: | No. | No. | In. | Pet. Pct. | Pct.| Pet. | Pet.| Pct.| Pct.| Pet.| Pet.| Pet. 
Ss ind tree elaine 6} 105| 25. 5) 48.2) 195) 9.5) 36.1) 45.4) 25.9] 42.1) 78.0) 67.5] 60.0) 66.7} 20.8 
| REE RSS 8| 70] 17.5) 27.1 92) 8.6) 40.0)106. 0) 96.1) 99.7} 20.1) 90.7) 76.8} 92. 1/148. 5 
iS 2 Jnhs seetase 8} 59) 23.8) 13.8 65| 35.6} 14. 8)100. 0) 32.1) 99.6) 54.0) 69.8) 52.4) 67.0) 48.8 
a | —- a 
Average! and | | 
total......-. 22) 234| 22. 2} 29.7) 352) 17.5) 30.3) 81.8) 51.3) 80.4) 50.7) 76.6) 63.0] 75.5! 72.7 
Dried outdoors: | : 
| a es 6) 55, 22.8) 50.9) 101) 44.5) 34.5] 64.5) 48.8) 64.1) 57.4] 77.8] 61.8) 85.3) 38.3 
Controls: 2 | 
Infested soil: 
| rs 6) 111) 20.2} 7.2) 124) 23.3) 28.8) 84.9) 55.5) 79.6) 48.3) 87.0) 74.4] 81.4] 66.6 
' See 9 = 70) 16. 2) 31.4) 118) 16.1) 44. 2/100.0) 82.4) 98.9) 23.5) 90.0) 67.1) 83.2)115.1 
| ES ieee 4, 33) 19.5) 21.2 40) 12.5) 6.0/109.0) 52.4) 99.6) 45.0) 84.0} 36.5) 78.0) 63.2 
Average ! | | | | 
and to- | | | 
tal____ 19) 214) 18.5) 19.9 17. 5) 26. 5| 94.9) 63.4) 92.7) 38.9) 87.0) 59.3) 80.8) 80.4 
wh = SS SS OO | SS Se eee 
Sterilized — soil: | | 
| ae 6 90} 28.4) 30.0} 140) 59.2) 0 | 0 0 0 |100.0) 0 0 0 0 
1931 < 10 86| 30.6) 82.5) 249) 53.8) 6 0 0 0 {100.0} 0 0 0 0 
eee 6 54 30.8} 98.1) 218) 72.0; 0 | O 0 0 |100. 0} 0 0 0 0 
eS SSSA PARI RATS Poe ES fr ace > Sea 
Average || | | 
and to- | 
tal......| 22] 230) 29. 9 70.2| 607} 61.6) 0 | 0 | O | O |100.0} 0 | 0 | 0 | oO 
| | | 





| Simple averages. 
? Soil collected from the same spot but not exposed to heat and drought 


Infested soil exposed alternately to growing and freezing tempera- 
tures under conditions identical with those of the organism in pure 
culture showed no reduction of the disease on wheat plants subse- 
quently grown in the soil. Thus, alternate freezing and thawing did 
not injure the organism in either soil or pure culture. The tempera- 
ture records are shown in table 2. 

In an experiment in which Ophiobolus graminis was grown in pure 
culture it had a thermal death point of 122° F. (50° C.) when exposed 
for 10 minutes. In another experiment in soil it was not killed at 
temperatures that ranged from 140° to 160° F. for more than an 
hour on each of several days. The fact that the macrohyphae on 
infected plants are much coarser and their walls thicker than in pure 
culture may explain this difference. 


EFFECT OF TEMPERATURE, MOISTURE CONTENT, AND COMPACTNESS OF SOIL ON 
i VIABILITY OF OPHIOBOLUS GRAMINIS 


The effect of exposure conditions on Ophiobolus graminis either in 
the absence or in the presence of the host should be reflected later on 
wheat plants grown in the soil. 

The three environmental factors most likely to affect soil flora in 
the field are moisture, temperature, and compactness or tilth. Accord- 
ingly soil from infested spots in the field was exposed for various 
lengths of time to eight combinations of these three factors. These 
429781413 





720 Journal of Agricultural Research Vol. 63, No. 12 





combinations were: (1) moist, cool, compact; (2) dry, cool, compact; 
(3) moist, cool, loose; (4) dry, cool, loose; (5) moist, warm, compact; 
(6) dry, warm, compact; (7) moist, warm, loose; and (8) dry, warm, 
loose. 

The two temperature conditions were obtained by storing one set 
of soil samples in a deep cave and the other in the greenhouse. The 
temperature in the cave averaged 37.5° F. and was always above 
freezing during subzero weather, and in the summer it averaged 
71.5°, never going above 72°. The greenhouse temperature was fairly 
uniform during the winter, with an average of 70.2°, and was variable 
during the summer but averaged 83.6°. The average maximum daily 
temperature in June was 97.1°, in July 110.7°, and in August 102.5°. 
The dry compact samples were so thoroughly puddled and hard at 
the end of the storage period that a hammer was required to pulverize 
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FicguRE 2.—Average severity ratings of take-all on wheat plants grown in the 
greenhouse in infested soil stored previously under different conditions of 
moisture, temperature, and compactness, at Manhattan, Kans., 1930-36. 
(Data in table 4.) 


them. The dry samples were air-dried. Water was applied to the 
moist samples from time to time. At the end of the storage period 
all of the soil samples were brought to favorable tilth and moisture, 
and wheat was grown in them in the greenhouse. 

This experiment was conducted four times during the period from 
1930 to 1936. For a given experiment all the soil was taken from the 
same infested spot in the field and was well mixed. Tests for infesta- 
tion in the first experiment were on plants grown in soil stored for 
230 days; in the second experiment, 338 days; in the third, 777 days; 
and in the fourth, 608 days. 

The data on the severity of take-all on the wheat plants grown in 
the greenhouse in the various soil samples are given in table 4, and 
the average severity ratings are shown graphically in figure 2. The 
data in table 4 are summarized in table 5 to show the effects of the 
environmental factors considered separately and in combinations of 
two. The relative importance of the factors is indicated by averages 
and totals from the combinations into which they entered. The 
severity ratings shown in table 5 are presented graphically in figure 3. 
























Dee. 15, 1941 Prevalence of Ophiobolus graminis in Soil 





= COMPACT 

LOOSE — - = aE ae ee 
= MOIST 
ORY 









w 
a 
' 
ozro 


DISEASE RATING 
n 
a 








~ 
CooL WARM COMPACT LOOSE 


FiaurE 3.—Disease-severity ratings showing the relative effect of single and 
double environmental factors on the retention of Ophiobolus graminis in stored 
infested soil. The hatched columns represent weighted averages for each 
single factor. (Data in table 5.) 


Under the conditions of the experiments the storage temperature 
had more effect on the viability of Ophiobolus graminis in infested 
soil than had any other factor. Cool temperature favored the fungus 
regardless of the other factors. Warm soil combined with other 
factors in any manner retained less infestation than any similar com- 
bination with a cool soil. 
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Both moisture and compactness modified the effect of temperature 
on the prevalence of Ophiobolus graminis in infested soil. When the 
infested soil was cool and loose, moisture appeared to be of little 
importance, because the plants grown in the cool loose soil that had 
been stored in either a dry or a moist condition had equal disease 
ratings. A compact warm soil retained more of the fungus in a viable 
state than a loose one. The addition of moisture to warm soil, 
either loose or compact, tended to rid the soil of infestation. How- 
ever, the effect of moisture was greater when the soil was loose. 

The individual experiments are all in agreement in indicating that 
temperature is the most important factor influencing the retention 
of the parasite in the soil. Some of the results of experiment 1, 
however, are at variance with those of other experiments with regard 
to moisture and compactness. This is due perhaps to the fact that 
the soil in experiment 1 was stored for a much shorter period than in 
the other experiments. 

Infestation did not increase under any condit'on of storage. In 
experiments 2, 3, and 4 additional soil was taken to the greenhouse at 
the time the soil was collected, and wheat was sown at once in order 
to compare the disease produced initially with that after the soils 
had been stored. Since the highest retention of infestation was shown 
to have occurred in the soils stored in a cool condition, this group is 
used for comparison with the initial infestation in table 6. It is 
evident that even cool uncropped soil lost some infestation, as might 
be expected, since Sewell and Melchers * have shown that rotation 
of crops is an aid in controlling the take-all disease. 


TABLE 6.—Comparison of the presence of Ophiobolus graminis in portions of the 
same infested soil sample, one portion fresh and the other stored 



































Severity rating 
Stored soil 
Experiment No. 
Cool, compact Cool, loose Fresh soil 
Average 
Moist | Dry Moist Dry 
at Pah 143.8 | 109. 4 136. 5 | 61.7 112.8 115.1 
cha Seat k nal Se a cog 37.9 15.0 21.8 | 42.3 29. 2 63. 2 
RETR Rae een ea ANS 58.8 8.1 52.1 51.8 42.7 93. 6 
ne ea 80. 1 | 44.1 70.1 | 51.9 61.5 0.6 
DISCUSSION 


The soil is a common medium for many micro-organisms. The 
interactions of these organisms may be mutually deleterious, helpful, 
or neutral. Consequently the results obtained in studies of the effect 
of soil environment on a single organism are difficult to interpret 
because of the likelihood of indirect effects of other organisms. Thus 
the results with Ophiobolus graminis just described might have been 


different if the infested soil had contained a somewhat different 
microflora. 


‘ SEWELL, M.C., and MELCHERS, L. E,_ THE EFFECT OF ROTATION AND TILLAGE ON FOOT-ROT OF WHEAT 
IN KANSAS, 1920-1924. Amer. Soc. Agron. Jour. 16: 768-771, illus. 1924. 
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Aside from the effect of a varying microflora, the effect on the 
parasite of fluctuations of temperature and moisture within a single 
year or season should not be great when the infested soil is cropped 
to a susceptible plant, because an abundance of the host during the 
growing season provides an opportunity for growth of the fungus 
to offset the effects of adverse weather conditions. However, there 
might be a gradual reduction of the organism during a cycle of dry, 
hot years, or an accelerated accumulation during a cool, moist cycle. 

It would seem that adverse weather conditions should have the 
maximum effect on the fungus in infested soil planted to a nonsus- 
ceptible crop. Under these conditions hot weather should reduce 
infestation, the fungus might not be rehabilitated even though cool 
weather occurred later, and infestation would diminish from year to 
year. 


SUMMARY 


Ophiobolus graminis Sacc., the parasite causing take-all of wheat, 
when in pure culture was not killed by the winter temperatures 
occurring in Kansas, nor was it affected by repeated abrupt alternations 
of growing and subfreezing temperatures. The thermal death point 
of both microhyphae and macrohyphae was about 122° F. (50° C.) 

In naturally infested soil the fungus survived temperatures as high 
as 160° F. (71° C.). High temperatures and drought in the summer 
reduced the infestation in infested soils only slightly. The abundance 
of the fungus in infested soils was not reduced by repeated alternations 
from growing to subfreezing temperatures. 

The abundance of the parasite in infested soil was reduced in 
different degrees by different combinations of moisture, temperature, 
and compactness of the soil during storage. However, the fungus 
remained viable in either moist or dry infested soil stored in a warm 
greenhouse as long as 777 days. In general, cool soil tended to retain 
the fungus longer than warm soil. The fungus was reduced most in 
a warm, loose, moist soil, and least in a cool, compact, moist soil. 
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CHEMICAL COMPOSITION OF SYMPHORICARPOS RO- 
TUNDIFOLIUS AS INFLUENCED BY SOIL, SITE, AND 
DATE OF COLLECTION! 


By L. A. Stoppart? 


Range ecologist, Utah Agricultural Experiment Station 
INTRODUCTION 


For a number of years the Utah Agricultural Experiment Station 
conducted an experiment on the feeding of mineral supplement to 
range cattle on mountain summer pastures which involved the collec- 
tion of many of the more important range plant species at regular 
intervals to determine their chemical composition and thus permit 
the calculation of the mineral content of the animal diet. Collections 
of plant material were made at regular calendar intervals, since it 
was necessary to correlate plant composition with animal reaction as 
measured at regular time intervals by weight and blood composition. 
The importance of stage of maturity as a factor in chemical composi- 
tion was recognized, but, in such heterogeneous range, developmental 
variations between species and within species made it difficult even 
to define the growth stage existent at the time of plant selection. 

Sampling of vegetation was accomplished by means of a single 
collection on each collection date. The samples were composited and 
thus were representative of many areas within the 400-acre pasture. 
These areas were not regular stations but merely places where the 
collector happened upon the particular species being collected from 
the heterogeneous plant cover. Data obtained after several years of 
such sampling were so variable as to cause some question as to their 
accuracy. Because of this concern, a sampling experiment was 
devised to study variability in chemical composition attributable to 
the following factors: (1) Date of collection, (2) soil type, (3) site or 
habitat, (4) field sampling technique, and (5) laboratory analysis 
technique. 


LITERATURE REVIEW 


Studies correlating natural variation in chemical composition with 
habitat factors are rare, but there are many papers dealing with 
seasonal trends and with response to fertilizers. 

Of the papers dealing with seasonal trend, a recent report on Cali- 
fornia foothill range plants is typical. Gordon and Sampson (6)° 
showed for herbaceous plants as the season progressed an orderly 
decline in crude protein, silica-free ash, calcium, phosphorous, and 
potassium. Crude fiber increased regularly. Deciduous shrubs as the 
season progressed showed a decline in protein, potassium, and phos- 
_! Received for publication December 15, 1940. Contribution of the Range Management Department, 
Utah Agricultural Experiment Station; report on Project 162. 

* Acknowledgment is hereby made of the indispensable assistance given by Dr. A. E. Brandt of the Soil 
Conservation Service, U. S. Department of Agriculture, in the design and analysis of this experiment, and 
of the services of the Department of Bacteriology and Biochemistry of the Utah Agricultural Experiment 
Station in the chemical analyses. 

3 Italic numbers in parentheses refer to Literature Cited, p. 738. 
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phorus but an increase in silica-free ash and calcium, and little change 
in crude fiber. 

Stanley and Hodgson (13) found regular declines in crude protein 
and phosphorus as the season progressed and increases in nitrogen- 
free extracts of Arizona grasses. 

Studies in Oklahoma (4) showed a close relationship between pre- 
cipitation and the calcium-phosphorus balance in Andropogon sco- 
parius. As precipitation increased calcium content decreased and 
phosphorus content increased, and as precipitation decreased calcium 
increased and phosphorus decreased. 

Hopper and Nesbitt (9) found a quadratic relationship between the 
April, July, and October composition of grass hay; the July yield being 
higher in protein and nitrogen-free extract, and lower in fiber. A 
similar relationship for crude fiber was found in Arizona grasses (13). 

Orr (11), in his classic work on plant minerals, reports positive 
correlation between mineral content, especially phosphorus, and soil 
moisture, which, of course, varies with the season. Season influences 
minerals in that they are highest during periods of maximum leafiness 
and activity of protoplasm. 

Fagan and Milton (5) decided that the composition of grasses varied 
with season largely because of a different leaf-to-stem ratio. McCreary 
(10) suggested that late season increases in total ash and lime might 
be attributed to dust accumulations. 

The response of plant composition to soil was investigated by 
Truninger and Griinigen (14), who studied the relation between soil 
reaction and phosphorus, potassium, and calcium but found no 
correlation. 

Holtz (8) found in oats and certain clovers a relationship between 
phosphorus and calcium content and the soil upon which they were 
grown. Peculiarly, the phosphorus content of oats followed the total 
phosphorus content of the soil, while that of red clover followed more 
closely the available phosphorus content of the soil. In some soils, 
calcium content of oats followed the calcium content of the soil but in 
others no relationship was found. 

Orr (11) concluded that mineral composition within a species is 
determined primarily by the soil as shown by the response to fertilizers. 

Watkins (15) found that Bromus inermis when grown in the sun 
was high in percentage of carbohydrates and low in percentage of 
nitrogen as compared to plants grown in the shade. Long-day plants 
as compared to short-day plants were high in percentage of carbo- 
hydrates and low in percentage of nitrogen. At bloom stage nitrogen- 
fertilized plants as compared to check plants were high in percentage 
of carbohydrate and low in percentage of nitrogen. 

Greaves (7) found a highly significant positive correlation between 
total ash and calcium, and total ash and magnesium; between calcium 
and magnesium; and between phosphorus and crude protein, and 
phosphorus and crude fat. He found a highly significant negative 
correlation between total ash and phosphorus, and total ash and cal- 
cium and crude fiber and crude fat; between calcium and phosphorus 
and nitrogen-free extract; and between crude fiber and phosphorus, 
and crude protein. Similar results have been found in other studies (3). 

Daniel (3), in studies of certain native and cultivated grasses and 
legumes in Oklahoma, showed positive genetic relationships in the 
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chemical composition of the plants. Thus, the content of plants that 
are normally low in calcium and phosphorus remained so when the 
plants were grown on soils rich in these minerals and, conversely, 
plants normally high in calcium and phosphorus remained so when 
grown on soil poor in these minerals, 


AREA OF STUDY 


The investigations described herein were made on high mountain 
pastures east of Logan, Utah, a region lying within the aspen-Douglas 
fir zone. The topography is very steep and irregular, the soils highly 
variable, and the vegetation correspondingly complex. The pastures 
were not grazed during the season of study. 


SOILS 


Although no official soil survey has been made of this range-pasture 
area, the soils were mapped by standard soil survey methods for the 
purpose of this experiment. Eighteen distinct types were delimited, 
differing in texture, depth, color, and other profile characters. These 
types have not been officially described nor given series and type 
names. Geologically this area is composed of residual sandstones and 
limestones of the Wasatch conglomerate formation. In many areas 
the formation has been washed very thin and a substratum of dolomite 
of the adjacent Nounan formation is very close to the surface. 

Three of the more important soil types were selected for use in this 
study. The basis for selection was the quantity of lime present in the 
soil as determined by the hydrochloric acid test. Although this was 
the basis for the selection, numerous other differences were apparent 
some of which may have been as important as the lime content. It 
should likewise be noted that total lime content may not be an index 
to available calcium. Brief descriptions of the three soils, designated 
A, B, and C, follow. 

Soil A.—This type has a surface layer of limefree black soil high in 
gravel and 3 inches in depth. This layer is underlain to a depth of 72 
inches by a red clay high in calcium carbonate. The soil was differ- 
entiated from all others by the presence of large quantities of lime in 
the upper layers, and though occasionally the upper portions of the 
clay are free from calcium, this is not usual. The subsoils are free 
from gravel. 

Soil B.—This type has a surface layer of black silty clay loam con- 
taining some gravel and extending to a depth of 12 to 18 inches. A 
red clay layer is found under the black surface. Gravel and stones are 
abundant in local areas but are not common, and abundant calcium is 
found only in the deep layers beginning at 42- to 54-inch depths. 

Soil C.—This soil type is a brownish-black, gravelly, silty clay loam 
to depths of 12 to 18 inches below which there is a layer of red to 
yellowish-brown gravelly clay. No calcium carbonate is present, 
though in local areas limestone was found. 


VEGETATION 


The vegetation of the pasture belongs chiefly to the sagebrush type 
or to the aspen type, and both types are of complex composition. In 
order to eliminate the variable factor of plant-cover type, all sampling 
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was done in the sagebrush type. This type (fig. 1) was analyzed in 
detail by sample plots and found to have a density (foliage cover) of 
20.7 percent. Grasses formed 7.0 percent of the foliage cover; browse 
plants, 71.1 percent; and forbs, 21.9 percent. A detailed analysis of 
the composition of the foliage cover follows. 


Grasses: Percent | Forbs: Percent 
Agropyron pauciflorum _-_-- 2.0 Achillea lanulosa_ - - --- -- - - 242 
Bromus tectorum_........-. 2.5 Agastache urticifolia___--- - - 1.3 
Stipa columbiana_ -_--_---.-- .5 MRP IND oo eco ees ee .8 
1S SBES Rae Ae 2.0 Balsamorhiza sagittata __.-- - iz 

Browse plants: Cogswellia macrocarpa-_-_-- - - oe 
Amelanchier alnifolia___-_--- 3.7 Collinsia tenella___-------- 1,2 
Artemisia tridentata __ -__- - -- 24. 4 Crepis acuminata___-------- 1.3 
Chrysothamnus viscidiflorus_ 13.9 Eriogonum heracleoides - -_ - - 3.4 
Prunus melanocarpa - - - -- - - 6. 7 Geranium fremontii_ - - - - - - 1.2 
Purshia tridentata_-_-_--_-_-- Aug Lupinus caudatus_.....-.-- 26 
Symphoricarpos rotundi- emebie-Berre 3 oi. 5 

IE re cio es 14. 5 Stellaria jamesiana___--- - -- 14 
RRs Ra Ie anal 2 Vicia americana__---------- .5 
Helianthella uniflora - _---- 17 

Wyethia amplexicaulis___... 1.5 

ot: PERI ae aa catia aly ec ie 





The grazing season on this area as prescribed by the Forest Service 
of the United States Department of Agriculture is from about July 1 
to October 15. 


CLIMATIC CONDITIONS 


The climatic conditions of the area studied are typical of those in 
most of the western mountains. Heavy snows remain until about 
Mav 1 and the summers are comparatively dry but cool, resulting in 
good growing conditions throughout a normal summer. The annual 
precipitation, though not measured, was estimated at 20 inches. 

The year during which these studies were made was abnormally 
dry, adjacent stations showing annual precipitation to be only one- 
half to two-thirds of normal. There was very little rain during the 
growing season. Rainfall in May and June was normal, but in 
July it was only about one-half of normal and all occurred after 
the samples were collected. Precipitation durmg August was neg- 
ligible. September, however, was a near-normal month, with heavy 
rains about 1 week before the collections were made. 


METHODS 


Because of the complexity of the vegetation, one species, the round- 
leaf snowberry (Symphoricarpos rotundifolius), a palatable and 
abundant shrub, was selected for study. This plant was rather 
uniformly distributed over all soil types and, hence, lent itself well 
to the study. 

It is doubtful whether the reactions of this species would be typical 
of all other species or, indeed would remain constant for this species 
from year to year. It was felt, however, that data from this species 
could be used as an index to the importance that should be accorded 
a particular factor in collecting plants for analysis. 

Collections were made on 3 days in the summer of 1939, July 15, 
August 15, and September 15. Since normal fruiting did not take 
place (presumably because of a late frost) it was impossible to describe 
the stage of maturity except to state that the first collection was 
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considered about full-leaf growth and the last date marked the begin- 
ning of leaf dropping. 

In addition, from each soil type samples were taken from two sites 
or habitats, called good and poor. The good sites were simply areas 
of vigorous or above-average growth, often north exposures or areas 
where moisture conditions were better. Poor sites were often dry 
southern exposures and growth was less vigorous. Topography also 
influenced the difference in growth through concentration of moisture. 
The difference between the two was not sharp, but, in the field, it was 
obvious. Variation between these sites could be attributed in part 





Figure 1.—Sagebrush type upon which collections were made. The aspen, type 
is visible in the background. 


to a difference in developmental stage and, in this respect, might be 
analogous to seasonal differences within a site. 

The method of collecting material for analysis was designed par- 
ticularly to eliminate personal error by the following procedure. 
Transects were considered to be 100 paces along predecided lines. 
On each soil and site at each date numbers were drawn to determine 
at which paces along the transect plant material would be collected. 
Duplicate collections were made within each 100-pace transect. At 
two points thus selected, and these were marked ‘‘a” and ‘‘b’”’ in the 
order of collection. All ‘‘a’”’ collections and all ‘‘b’’ collections from 
10 such transects were composited, each constituting exactly one- 
tenth of the total sample. In collecting, the closest plant to the 
selected point was harvested, all current growth being included. 

Thus at each of three collection dates (early, medium, late) duplicate 
samples were collected from 3 soil types (A, B, and C), and from each 
soil type on 2 sites (good, poor), giving a total of 12 separate samples at 
each date or 36 for the season. Each of these samples was, of course, 











732 Journal of Agricultural Research Vol. 63, No. 12 


a composite of collections from 10 subareas. Chemical analyses were 
made in duplicate without regard to their checking, and each analysis 
was recorded separately to make possible the calculation of an analysis 
error. Standard analyses (1) were made for total ash, calcium, mag- 
nesium, phosphorus, crude protein, crude fat, crude fiber, and nitrogen- 
free extract. On the whole the experiment was set up on the basis 
of a factorial design. Although there were only 2 direct replications, 
there was considerable hidden replication, and as a result each con- 
clusion is founded upon at least 12 replications. 

Data were studied by the analysis of variance. Individual sums of 
squares were computed for each degree of freedom (12, p. 336). This 
method of computing is somewhat empirical and involves selected 
comparisons and, hence, cannot be expressed by a standard equation. 
In result, it does not differ from the common methods of determining 
variance except that it permits a subdivision of the variance according 
to source. 

As an example, let us suppose X,, X2, and X; to be the three observed 
variables and it is desired to compare the first with the second and the 
first two with the third. The two comparisons would be represented 








thus: 
(X,—X2)? (1) 
1?+-1? 
(Xi+X2,—2X;3)? (2) 
1241242? 


The resultant sums of squares are divided by the degrees of freedom to 
obtain mean squares for each comparison (see table 4). 

Through the use of this method it was possible to measure tendencies 
toward either linear or quadratic relationships between composition 
and date of collection and between composition and soils. Since but 
three points were determined for each curve, the data merely measure 
general trends. For general tests of significance the table of 
Snedecor (12) was used, and unless otherwise specified, interactions 
were grouped to form the error term. 


ANALYTICAL DATA 
PROTEIN 


A summary of the results of the protein analyses is presented in 
table 1. Protein showed a highly significant * decline as the season 
progressed, the variation with time being strongly linear.’ The 
decline was from an average of 11.24 percent on July 15 to 9.19 on 
August 15 and to 6.58 percent on September 15. Date of collection 
was far more important than any other factor in its influence upon 
protein. Site generally had a significant, though slight, effect upon 
protein, the good sites yielding an average of 9.31 percent and the 
poor an average of 8.69 percent. This relationship ceased to exist 
in late season, however, for there was no significant difference between 
the two sites in September. 

4 An effect or difference is said to be significant if it is of such magnitude that the probability of its chance 
occurrence in undifferentiated material is equal to or less than 0.05. If the probability is equal to or less 


than 0.01 the effect is highly significant. 
5 Mean square Values are shown in table 4. 
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TaBLE 1.—Chemical composition (air-dry-weight basis) of snowberry plants col- 













































































































































































: lected on three different dates, as affected by soil type and site; data based on an 
4 average of four analyses 
S PROTEIN CONTENT 
- | Composition of plants grown on— 
' il | B soil | C soil 
$ Collection date | Am ” | — Average 
- | Good Poor | Good | Poor | Good Poor 
| site site | site | site | site site 
Df -— | ee 
iS | Percent | Percent | Percent | Percent | Percent | Percent | Percent 
e OUEST S Shite eb Seat a ~ 11.99 10. 67 12.41 | 10.83 ii. iL 10, 45 11, 24 
d ic a hie AN ae 8.47 9.78 | 9.55 8.57 9.19 
yc Raa ae 6.71 6.49 6.45| 6.47 6.77 6. 58 
e Average........------ 9.48 8.54 | 9.55 | 8.95| 8.91 = 8.60 | 
|--— = =—=—S | >= ———— 
g Average for both sites. 9.01 | 9.25 | 8.75 | 9.00 
ad NITROGEN-FREE-EXTRACT CONTENT 
he — . | : nes 
od SD, | eae meee Bas 6 48. 56 48. 87 50.04} 46.89 49.47 48.49 
‘ ane. 15. ...--.--- Be oe 48. 89 45. 84 47.77 47.88 47.45 47.62 
aR RRS foarroa 1°77 43. 83 42.02 43. 81 44.17 44. 13 43. 56 
1) Anersge: 2 = 225-2 : 46. 14 47.09 45. 58 47, 21 46. 31 47.02 |__-- 
Average for both sites... 46.61 46.39 ce a 
2) a ae 
CRUDE-FIBER CONTENT 
3 l 
Eero 0.00 ae 16. 20 15.37 13,85 13. 83 16. 56 14.09 14. 98 
to i aaa eae aied pp 18, 29 18. 44 17.02 17.80 16. 38 17.39 
; | EAS aa le eS 25. 13 26. 14 27.36 | 25.76 25. 34 22.77 25. 42 
cai ARIE 5c cncce ss 19.25|- 19.93} 19.88) 1887| 19.90] 17.75 |.......... 
ion Average for both sites.__. 19.59 | 19.37 18.82 19.26 
put a 
ure CRUDE-FAT CONTENT 
of : 
eA 11.16 11. 80 11.18 12.13 11, 21 12,07 11. 58 
ons SR Sia es Aine a se 11. 96 11. 20 12. 21 12. 27 11.70 12. 64 12.00 
AE ieee Rist aia oe 11. 76 11.14 12.32 11. 56 11 34 13,44 11.93 
Wawa eo. oe 11. 63 11. 38 | 11. 90 11.99 | 11.42 jv at» ¥] HU 
Average for both sites- -| 11. 50 | 11.95 12. 07 11.84 
| 
: TOTAL ASH CONTENT 
1 in ae 
ison : 6.65 6. 59 6.79 6.48 7.41 7.06 6. 83 
The E é 6.85 6. 42 6. 65 6. 26 6.75 7.61 6.76 
ut ee ae 5.41 5.15 5.10 5.18 5. 83 5.27 5. 32 
) on Average......--.----- | 6. 30 6.05 6.18| 5.97 6.66 6.65 |... 
tion =o =| ===] rn 
|pon Average for both sites ___ + 6. 18 | 6.07 6. 66 6. 30 
[pon Rae 
the PHOSPHORUS CONTENT 
cist aa 
— OL SSE PE See ee 0. 234 0. 289 0. 301 0. 266 | 0.372 0. 252 0. 286 
veen AE Ea ae oe . 150 .201 . 208 178 | 29 .429 . 244 
ee ee ee .147 163 . 156 151 | =. 205 - 181 . 182 
Re oO ee 321 eae 
chance Bee ase ee Pett ee | 
or less Average for both sites_. -- 0.197 | 0. 210 0. 304 | - 237 
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TABLE 1.—Chemical composition (air-dry-weight basis) of snowberry plants col- 
lected on three different dates, as affected by soil type and site; data based on an 
average of four analyses— Continued 


CALCIUM CONTENT 





Composition of plants grown on— | 





A soil B soil | C soil 


| Average 





















































Collection date | 
Good Poor | Good Poor Good Poor | 
site site site site | site site 
--——- ——————- Gs af SR 7 —_—— | -—_——— mie fe 
| Percent | Percent | Percent | Percent | Percent | Percent | Percent 
July 15.....-- ~ emery | 1, 43 1.52 1,36 1,37 | 1,31 1,48 1.41 
A, | ees ea 1.51 1.72 1.61 1. 52 | 1,62 1.63 1, 60 
ip | SAR Sh aI ae Siren eect arp 1.39 1, 51 1. 36 1,32 | 1.32 1.59 1,41 
Average........---.-- om ee =" 1.58 1.44 1.40] 1.42 La... 
Averageforbothsites..| 15 | La | £20} §=©| Lae 
MAGNESIUM CONTENT 
AC SAS SAE aR ae aa Racy ae : ne < 
Re Ee See ee ee a 0. 319 0, 424 | 0. 331 | 0. 390 0. 318 0. 368 | 0. 358 
EMI se te . 262 . 302 | . 303 . 309 | . 288 . 298 298 
|_| SAGAS SS ISRIE Sot icesiesct- - 295 328 | - 250 . 286 | 245 - 316 . 287 
Snisenil sade 2 rei cela 
ESE ENE 292 351 | 205 | .328| 284 - 326 
Average for both sites... 0.321 e aa 2 a 
| \ 














There was an insignificant quadratic relationship between soil and 
protein, the B soil being more favorable for protein than either the 
A or the C soil. This relationship was especially obvious in the 
August analysis but entirely absent in the September analysis. How- 
ever, the interaction was not significant. 


NITROGEN-FREE EXTRACT 


Date of collection was far more important than any other factor 
in its influence upon nitrogen-free extracts. The pronounced decline 
as season progressed was significantly greater during the last month 
than during the first month (table 1); in fact, in the A soil there was 
a slight increase between July and August. 

Nitrogen-free extract bore no significant relation either linear or 
quadratic to soil type; the soil types responded differently at different 
dates, the B soil appearing to have a greater seasonal response than 
either the A or the C soil. Site had a significant, though not large, 
influence, the average percent being 46.01 on good sites and 47.10 on 
poor sites. 

CRUDE FIBER 


A very highly significant increase was found in crude fiber as the 
season progressed and, though the relationship appears to be linear, 
there was a greater increase during the last month than during the 
first (table 1). 

An insignificant positive relationship existed between lime content 
of soil and crude fiber yield from plants collected on poor sites, the 
relationship being essentially linear. 

Analysis brings to light an interesting interaction between date of 
collection and soil in their influence upon crude fiber. The B soil 
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was much more reactive to date than either the A or the C soil. Plants 
from the B soil contained less fiber at the first analysis and more at 
the last than those from either of the other soils. A slightly greater 
fiber content was found in plants from good sites (19.68 percent) 
than in plants from poor sites (18.56 percent). 


CRUDE FAT 


Crude fat did not differ significantly with changes in soil, date, or 
site. However, the data indicated a close relationship between fat 
content of forage and soil type (table 1). This was especially evident 
on poor sites. 

A small but not quite significant relationship existed between site 
and fat content of the forage. Poor sites averaged 12.03 percent fat 
and good sites 11.65 percent. 


TOTAL ASH 


The total ash content was found to decrease as the season progressed, 
the decrease being significantly greater in the last month than in the 
first (table 1). 

There was likewise a highly significant relation between soil and 
total ash content, the C soil averaging more than either the A or 
the B soil. 

Site was insignificantly related to ash content, the poor site averaging 
6.22 percent and the good site 6.38 percent. 


PHOSPHORUS 


Phosphorus showed a highly significant relation to collection date 
and soil but not to site. Average yields shown in table 1 indicate a 
tendency toward a large linear decrease as the season progressed. 

The phosphorus content was significantly greater on the C soil, 
especially on good sites. The difference was significantly greater be- 
tween C and B soils than between B and A soils. Phosphorus was 
higher on good sites at early and late dates of collection, but higher 
on poor sites at the intermediate date. Poor sites were higher in 
phosphorus on A soil but were lower in phosphorus on C soil. 
This soil-site interaction was highly significant. 


CALCIUM 


There was no significant difference in calcium content of the plant 
on different soil types (table 1). A highly significant increase was 
found in calcium at the middle date and this was followed by a de- 
cline, no significant difference existing between the early season and 
the late season analysis. 

Plants from good sites tended to have slightly less calcium (1.43 
percent) than those from poor sites (1.52 percent). However, the 
difference was not quite significant. 


MAGNESIUM 


Magnesium showed no significant relation to soil (table 1). There 
was a highly significant tendency toward decrease in average mag- 
nesium content as the season progressed. This was exhibited much 
more strongly in plants from good sites than in those from poor. 
429781—41-_4 
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Plants from poor sites contained a highly significantly greater quan- 
tity of magnesium, averaging 0.335 percent as compared to 0.290 in 
plants from good sites. 


COMPARISON OF FIELD ERROR AND ANALYSIS ERROR 


In order to place field errors on a comparable basis the variance of 
field error of each constituent was divided by the mean of the percent 
of that constituent in all samples. The same treatment was followed 
for analysis error. The results are shown in table 2. 

From these values it is evident that a generally higher variability 
occurs between duplicate collection samples than between duplicate 
chemical analyses. The chemical analysis is most variable in crude 
fat, nitrogen-free extract, and crude fiber in the order named. This 
might be considered as an index to the accuracy of analytical methods 
used. The field-collection duplicates varied greatly in crude fiber, 
nitrogen-free extract, and crude fat in the order named. 

Only in the case of crude fat did the variation within chemical- 
analysis duplicates exceed the variation between collection duplicates. 
This would indicate a refinement of analytical method insufficient to 
differentiate between collection duplicates. This same situation is 
approached in the case of nitrogen-free extract. 

he greater variation shown in some constituents than in others 
between duplicate collections would indicate that these constituents 
vary more in individual plants, though it must be kept in mind that 
chemical-analysis error is carried over to field-collection error. For 
example, the high field error in the case of crude fat might be accounted 
for entirely by chemical error. 


TABLE 2.—Field- and laboratory-error comparison (variance divided by general 
mean) and ratio of laboratory error to field error by constituents of snowberry 
plants; based on data in table 1 









































Ratio of | Ratio of 
, Labo- 7 | owe, Labo- 

Constituent — ratory gornerey y Constituent | — ratory yrmepaly 
error’ | field error error field error 

Percent | Percent} Percent | Percent | Percent| Percent 
=. eee eee 1.77 0. 09 5. 84 Total ash . ees ee .02 44 
Nitrogen-free extract.._| 8.06 2. 62 32. 50 || Phosphorus. ____--- | .42 . 004 95 
ee 18. 08 72 3.98 || Calcium -_-_-_-_- <-se-| 80 - 00 . 00 
Rope Sat -......--2...-| 6904 10:08 158.40 || Magnesium ___- mone 2.75 06 2.18 





NEED OF DUPLICATE SAMPLING 


Estimated standard errors were determined according to the method 
suggested by Bartlett and Greenhill (2). Table 3 shows these esti- 
mated errors for each constituent had field and laboratory duplication 
of various combinations been used. Mean square values derived 
from table 1 are shown in table 4. . 

With the exception of crude fat, there is little increase in accuracy 
gained by duplicate chemical analyses. As Bartlett and Greenhill 
have stated, “the chief justification of duplicate determinations 
* * * is that they serve as a check against the possible return of 
an erroneous figure.”” In the case of crude fat, however, there is 
apparent a large variation in chemical analyses, and duplication 
materially reduces the standard error. 
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Field-collection duplication generally does not give a significantly 
increased accuracy of data. Duplication of the field sampling, how- 
ever, does appear to be more important than duplication of laboratory 
analyses. In the case of magnesium, duplicate collection results in a 
materially decreased standard error but in no other instance does the 
increased accuracy appear sufficient to justify the labor and cost 
involved. These conclusions do not, of course, ignore the importance 
of duplication as a means of checking errors. 


TABLE 3.—Estimated standard errors for each constituent of snowberry plants ex- 
pressed as percentage of the general mean for various combinations of field and 
laboratory duplication; based on data in table 1 









































Labora- Nitrogen- 
Field tory Protein | free ex- | Crude Crude Total Phos- | Calcium | Magne- 
| samples samples tract fiber fat ash phorus sium 
Number | Number | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent 
1 22. 84 5. 84 24. 89 9.00 13. 24 32. 37 10. 96 21.04 | 
1 22. 83 5. 60 24. 85 5. 90 13. 24 32. 37 10. 96 21.04 
| 2 | 1 22. 74 5. 59 24. 43 9.08 12. 54 31. 68 9. 37 14.60 | 
| 2 | 2 | 22.73 | 5.33 24. 40 6. 58 12. 54 31. 68 9. 37 14.60 | 
| | | | 





1 The larger standard error obtained for crude fat with 2 field samples probably is not significant and it 
mene simply, that the values obtained from 2 samples are no more reliable than those obtained from 1 
sample. 


TABLE 4.— Mean square values for each constituent of snowberry plants by compari- 
sons; based on data in table 1 
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De- Pro- _ Crude | Crude} 4. | Phos- | Cal- | Mag- 

Comparison | grees tein, extract fiber, fat, mean phorus,| cium, |nesium, 

| of free- | mean mean. | Mean | mean | .oyare | Mean | Mean | mean 

| dom | square square | Sauare | square Square | square | square | square 

Month linear--___. . _| 1 |260. 634 | 292.349 |1,305.836| 1.394 | 27. 271 0.129 | 0.000 0. 062 
Month quadratic - -_- | 1 . 566 40. 768 125. 142 . 887 | 7.362 . 010 . 579 .014 
Soil linear.-...--....- 1| .364 .O11 | 7.192 | 3.752 | 2.750 | .063 . 052 . 003 
Soil quadratic_. 1| 2.641 1. 005 | . 506 - 405 1.861 | .090 . 103 . 000 
Sea 1 | 8.168 21. 725 12. 194 2. 634 - 467 | - 015 - 124 - 037 
soosec + ee Se | |: = 

Month Xsoil. -_...._._---| 4| .980 6.713 | 9.103} .383| .091| .002| .043] .003 
Month Xsite . : | 2] 2,125 1.765 | 1.192 | .894| .429 |) .001 | .008 . 004 
Soil Xsite . | 2 - 956 | 1. 387 207 | .75l - 091 . 031 . 067 - 001 
Month Xsoil Xsite -- 4| .488 2. 205 2. 435 1. 346 . 337 | . 001 . 030 . 001 
zInteraction-...__| 12 | 1.008 3.498 | 4.094 | . 850 | . 230 | . 006 | . 037 | . 002 
Field error ie 18 | 4150 | 3.755 | 3.483 | .818| .288| .001| .028 009 
Laboratory error -___- 36 | .008 | = 1.218 -139 | 1.294 -001 | .000 - 000 . 000 

| | | | | 
CONCLUSIONS 


From these studies it is concluded that in collecting plants for com- 
plete chemical analysis attention must be given to soil type, site, and 
date of collection. The importance of these variables, however, is 
dependent upon the individual constituent being analyzed. In collec- 
tions to determine seasonal variation it is essential to sample within 
the same site and soil type or so to composite the collection as to 
make it representative of these two variables. In complete chemical 
analysis the complicating interactions that occur between these vari- 
ables make it impossible to forecast chemical response to any one 
factor unless all others are made constant or made a part of the analysis 
through appropriate experimental design. 
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For these reasons it is suggested that in sampling highly variable 
range floras for chemical analysis, seasonal collections be made froin 
regularly established stations. These stations should be so located 
as to be representative of the soil types and sites that exist within the 
range. This can be done by making the number of stations within 
each soil type and site numerically proportionate to the area occupied 
by that particular soil type and site in the entire range. The sample 
should, of course, be equally composited from each station. 


SUMMARY 


Chemical response was studied in Symphoricarpos rotundifolius 
near Logan, Utah, to variation in site, date of collection, and soil type. 

Date of collection was by far the most influential factor, late season 
resulting in a highly significant decrease in protein, nitrogen-free 
extract, total ash, phosphorus, and magnesium; and a highly signifi- 
cant quadratic influence upon calcium. Only crude fat failed to 
respond to season. 

Soil type had a highly significant influence upon total ash and 
phosphorus content and a pronounced though insignificant effect 
upon protein content. 

Site had a significant influence upon protein and a highly significant 
influence upon magnesium, protein being higher and magnesium lower 
on good sites. Nitrogen-free extract was also significantly higher on 
poor sites. 

Complex interactions are common between date of collection, site, 
and soil, and for this reason attention must be given to all before broad 
conclusions are drawn regarding the influence of any. 

Large error or variation was apparent in the analytical procedure 
for crude fat, and the field variability was especially high in crude fiber, 
nitrogen-free extract, and crude fat. 

For the determination of most components duplicate collection and 
duplicate analysis do not increase the accuracy commensurate with 
the extra expense incurred, and hence can be justified only as a means 
of checking errors. 
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AN INVERSION, A RECIPROCAL TRANSLOCATION, 
TRISOMICS, AND TETRAPLOIDS IN BARLEY! 


By LutHer Situ ? 


Agent, Division of Cereal Crops and Diseases, Bureau of Plant Industry, United 
States Department of Agriculture 


INTRODUCTION 


The objectives of the investigation reported herein were (1) to 
explore the possibilities of barley (Hordeum vulgare L.) as a subject 
and source of problems for cytological study and (2) to make a survey 
of some mutants, varieties, and hybrids of barley in order to determine 
whether there may be any cytological basis for observed peculiarities, 
such as dwarfness or sterility, of certain plants. Except in a few 
instances, the observations here reported were made during June 1940 
at Aberdeen, Idaho. 


REVIEW OF LITERATURE 


Though barley has been used rather extensively in genetic studies, 
few cytological observations have been reported. The first observers 
were interested in the number of chromosomes and their morphology 
in the various species. A review of the contributions of most of the 
early authors may be found in Ghimpu (4) * and Lewitsky (10). 

Cultivated barleys, and some noncultivated species, have 14 somatic 
chromosomes. Wild species with 14, 28, and 42 chromosomes were 
reported by Griffee (5), Ghimpu (4), and others. The chromosomes 
are long and slender, with median or submedian centromeres. Emme 
(3) was the first to report satellites in barley. Lewitsky (10) reported 
that there were regularly 2 pairs of chromosomes with satellites in the 
species having 14 chromosomes. One pair of satellites was larger than 
the other. These satellites are presumably different from the large 
appendage observed by Hasegawa (6) in 9 species from Aegilops, 
Triticum, Secale, and Hordeum. If that is the case, there are 3 pairs 
of chromosomes with distinguishable appendages. 

Johansen (7) examined root tips from a commercial lot of seed of 
Hordeum vulgare and found a high frequency (possibly 10 percent) of 
haploids. He observed two appendages (with inconclusive evidence 
of two more) in diploid and two in haploid root tips. The haploids 
were discarded before their constitution was known, so a study of 
meiosis could not be made in them. Tometorp (23) studied meiosis 
in pollen mother cells of a haploid of H. distichum, however, and 
found occasional bivalents. Usually the chromosomes were dis- 

1 Received for publication February 8, 1941. Cooperative investigations between the Division of Cereal 
Crops and Diseases, Bureau of Plant Industry, U. 8S. Department of Agriculture, and the Field Crops 
Department, Missouri Agricultural Experiment Station. Contribution from the Field Crops Depart- 
ment, Missouri Agricultural Experiment Station, Journal Series No. 723. 

2 The writer is indebted to H. V. Harlan, G. A. Wiebe, Mary L. Martini, C. A. Suneson, and Harland 
Stevens, of the Bureau of Plant Industry, and John L. Toevs, of the Aberdeen substation of the Idaho Agri- 


cultural Experiment Station, for supplying materials or providing facilities for these investigations. 
3 Italic numbers in parentheses refer to Literature Cited, p. 749. 
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tributed at random in the first division and the chromatids did not 
ordinarily separate until the second division. Microspores were 
observed with 7, 8, and 13 or 14 chromosomes at the first mitotic 
division. 

Ekstrand (2) reported observations on the meiotic process in a 
partially asynaptic strain of barley, and Swenson (22) described 
meiosis in normal plants. 

Peto (13) examined diploid and tetraploid florets on the same spike 
for chromosome pairing and chiasma frequency. He found an average 
of 3.58 quadrivalents (range 1 to 7) in 4n pollen mother cells. One 
of two megaspore mother cells had 7 quadrivalents; the other had 4. 
In the tetraploid pollen mother cells there were 1.87 times as many 
chiasmata as in the diploid. 

Miintzing, Tometorp, and Mundt-Petersen (12) and Karpechenko 
(8), with heat, and Dorsey (1), with colchicine, obtained tetraploid 
barley plants. All found plants with 1, 2, or 3 more than 28 somatic 
chromosomes in the progeny of tetraploid parents. Miintzing 
reported 4, and Karpechenko 1, offspring with only 27 chromosomes. 

Kattermann (9) was the first to report a trisomic plant in barley. 
He observed mitotic and meiotic divisions in a trisomic plant of Hor- 
deum distichum. The chromosome involved was not one with a satel- 
lite. 

MATERIAL AND METHODS 


The plants studied were mainly from varieties and strains of Hordeum 
vulgare that were being used in the barley breeding project of the 
Division of Cereal Crops and Diseases. An adapted acetocarmine 
smear technique was used in making all slides for cytological 
observations. Carnoy’s fluid was used as a fixative. Heads were fixed 
for 1 to several days; root tips for a week or longer. A more complete 
description of the root-tip smear procedure has been published by 
Smith (18). Some smears were made permanent by an improved 
method (employing tertiary butyl alcohol instead of xylene) suggested 


by Sears (17). Photomicrographs were taken with a Leitz Makam 
camera. 


A, A bridge with a fragment beside it; first anaphase in a pollen mother cell. 
B, A bridge and fragment at second telophase in one cell of adyad. The frag- 
ment is indicated near the pole. C, A ring of four chromosomes (open) at 
first metaphase in a pollen mother cell of a plant heverozygous for a reciprocal 
translocation. D, Seven pairs at first metaphase from the same slide as C. 
Two pairs are attached at only one end. F, First division in a microspore, 
showing satellites on two chromosomes. F, First meiotic metaphase in a pollen 
mother cell of trisomic plant 202-1; trisome indicated by arrow. G, Second 
meiotic anaphase in a pollen mother cell of trisomic plant 202-2. A lagging 
chromatid is in each daughter cell. The chromatids of the extra chromosome 
presumably separated in the first division. H, A chromatid in which ‘ mis- 
division” has occurred; second meiotic anaphase in trisomice plant 202-2. /, 
Diakinesis in a tetraploid ‘“‘Big Boy,” barley. There are three open rings of 
four, a zigzag group of four (top, right), a chain of four (center, right), and four 
bivalents. Note the two nucleoli. (Photomicrographs A and B were taken at 
a magnification of 1,050 diameters, the others at 850. All were reduced about 
1/10 in reproduction.) 
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AN INVERSION 


In attempting to determine the cause of the low seed production in 
a “Sterile Flowers” stock (a selection from Hordeum deficiens nudide- 
Jiciens, C. 1.4 No. 2229), two of five plants examined in one progeny 
were found to have seven pai:s of chromosomes at first metaphase and 
bridges and fragments at first and second anaphase or telophase in 
pollen mother cells (pl. 1, A and B). Other “Sterile Flowers” plants 
did not have the bridges and fragments, so presumably there is some 
other cause for the sterility in ‘Sterile Flowers” plants. Table 1 sum- 
marizes the observations on bridges and fragments at the first division 
in the two plants. In plant 219-2, 24 percent of the cells had either 
a bridge or both a bridge and a fragment, and in plant 219-4 the 
value was 14 percent. A larger proportion of the cells of plant 219-4 
were without visible fragments. 

At second anaphase and early telophase in plant 219-2, 4 quartets 
had a bridge and fragment; 16 had a bridge but no visible fragment; 
and 72 had neither bridge nor fragment. Thus about 20 percent of the 
quartets had a bridge. The fragment was not necessarily located near 
the bridge. The fragment presumably was formed in the prophase of 
the first division, though it may not have become free until the second. 


TaBLE 1.— Data on bridges and fragments at the first meiotic division in pollen 
mother cells of plants with an inversion 























| Cells with a bridge Cells without a bridge 
Plant Total cells 
With a Without a With a Without a 
fragment | fragment fragment | fragment 
Number Number Number Number Number 
DP .o Censor eccnck kematenseansnedintep 18 5 5 67 95 
Sn pone Ag 8 21 9 | 170 208 








The bridges and fragments in the two plants may be accounted for 
by assuming single cross-overs in an inverted segment, as depicted 
in figure 1, though, as shown by Richardson (15), a duplication can 
also give bridges and fragments in plants with bivalents only. As 
the fragment is small the inversion must be near the end of the 
chromosome. The percentage of bridges, however, might lead one 
to expect a larger fragment. The explanation may be a high fre- 
quency of crossing over localized in the short inverted segment. The 
bridges at second anaphase and telophase fit the interpretation of 
single cross-overs in the inverted region, accompanied by simultaneous 
cross-overs in the proximal uninverted portion of the arm. Expla- 
nations for the absence of a fragment in a cell with a bridge at the first 
division have been considered by McClintock (1/1), Swanson (21), 
and others. 

Plant 219-2 (a 2-rowed type) had a seed in all but 1 of 45 primary 
florets, so female fertility was not much reduced. 

McClintock * has also observed that inversions (and other aberra- 
tions which give rise to bridge configurations at meiosis) do not 


‘©. I. refers to accession number of the Division of Cereal Crops and Diseases, 
5 McCLINTOCK, B, Unpublished observations. 
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produce female sterility proportionate to the number of pollen mother 
cells with bridges. 

Sturtevant and Beadle (19) and others have observed that single 
cross-overs in heterozygous inversions in Drosophila melanogaster do 
not result in inviable zygotes. Sturtevant and Beadle suggested 
that the chromosomes were oriented in such a manner that only 
non-cross-over chromatids get into the nucie: that become the egg 
nuclei. The same sort of behavior may account for the lack of 
sterility in the barley plant. 


FIRST SECOND 
PROFHASE ANAPHASE ANAPHASE 








QD Ge 


FicurE 1.—A diagram illustrating some modes of origin of bridges and fragments 
from crossing over in a bivalent heterozygous for an inversion. A, A single 
cross-over in an inverted segment. B, A single cross-over in an inverted 
segment and a simultaneous cross-over in a proximal uninverted segment 
producing a three-strand double cross-over. Sage are represented by 
‘*x”” and the centromeres by circles. For more complete diagrams of crossing 
over in inversions, see McClintock (11), Richardson (15), and Sax (16). 


A RECIPROCAL TRANSLOCATION 


In 1938 the writer received from G. A. Wiebe ® seed of plants, some 
of which were supposed to be heterozygous for a gene causing ‘‘Con- 
tabescent Anther,” a mutant characterized by nearly complete male 
and female sterility. This mutant was selected from C. I. No. 3845, 
a variety obtained from Kashmir, India. The sterility is associated 
with a meiotic irregularity as yet undescribed. In an examination of 
this stock for the meiotic disturbance, the reciprocal translocation 
described in this section and the three trisomic plants reported in the 
next section were found. No cause for the coincidence of these three 
different irregularities in the same stock was observed. Several 
normal plants were regular at meiosis. 

The translocation apparently involves small segments of each of 
two nonhomologous chromosomes. Often the configuration at first 
metaphase is a chain of four instead of a ring, and not infrequently 
seven pairs are formed (pl. 1, C and D, and table 2). 

More pollen mother cells had zigzag (disjunctional) than open 
(nondisjunctional) configurations of the chromosomes in the ring or 
chain (table 2). Plant 201-1 was the parent of 207-1, and the 
behavior of the ring in the two plants was similar. The behavior of 
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the ring in the two sib plants of 203, whose grandparent was thie 
parent of 201, differed from that of the ring in 201 and 207 in that 
fewer rings and chains were formed and more cells had seven pairs. 
It is possible that another interchange is involved, though the close 
relationship between 201, 207, and 203 makes this unlikely. Also 
interchanges involving such small segments that chains and even pairs 
are formed have not been common in other organisms. Except for 
the closed rings in the two plants of 203, these plants might be sus- 
pected of having received deficiency-duplication gametes formed by 
nondisjunctional segregations of the ring observed in 201 and 207. 


TaBLE 2.—Configurations of chromosomes at first meiotic metaphase in pollen 
mother cells of plants heterozygous for a reciprocal translocation} 














Ring of 4 Chain of 4 | 
Plant Re pe Re Riceer Ween ia | 7 pairs | — —— 
Zig- | Open | Unclas-| Zig- | Open | Unclas-| 1 eee eee 
zag | PEN | sified | zag | V7! | sified | | 
no Te = s Bie Rois GRA | ke 
Number| Number| Nu a mber|N u mber| Number| Number Number| Number 
201-1 ee 4 2 | Q 2 16 221 
207-1. . eet 52 | 29 1 99 | 37 7 54 39 | 318 
203-1 : ree 2 | 2 0 | 34 | 23 | 0 119 48 | 228 
203-2 ea 8} 12] “teas: esac Sh 02]: BL aes 206 
! 


| | 


1 See text for relationship of plants. 





No comparison of the seed set of normal and ring-forming sib 
plants has been made as yet, but it is clear from table 3 that plants 
with the interchange are not ‘‘semisterile”’ in seed set. The first two 
plants in table 3 were ring-forming plants grown in the greenhouse at 
Columbia, Mo. The third was grown in the field at Aberdeen, Idaho. 
The last two plants were normal field plants which were not sibs of 
the ring-forming plant but do give some information on fertility of 
plants of similar type. There is a close agreement in the fertility of 
the three ring-forming plants (65.6, 69.0, and 64.8 percent) and a 
similar agreement between the two seven-pair plants (92.4 and 93.0 
percent). The fertility of the ring-forming plants also approximates 
the proportion of the pollen mother cells of the first two plants of 
table 2, in which the chromosomes were oriented disjunctionally. 


TABLF 3.— Fertility of ring-forming and normal plants 











| | 

Plant | Configuration Florets | Seed Fertility 

PEEL PSE a Sepa wo 8 
| Number | Number | Percent 
347-1. ._- Padadt Pperrada saa ON Mere | 5 pairs + Rg__-- ‘ ¢ 96 63 65.6 
347-2. ____- Oe SURE IBGE Re eT es 129 | 89 69.0 
207-2. Ee a nein Cieurk! | Biikaaiee a si ee aa 270 | 175 64.8 
216-2- Give d adeligtasbokewas eS ee eet ; | 198 | 183 92.4 
217-1 guy Ibico” Raia set 213 | 198 93.0 


TRISOMICS 


Three trisomic plants were found in the same stock that had the 
reciprocal translocation and the mutant ‘“‘Contabescent Anther.” Two 
occurred among 182 offspring of 1 plant. The third was found among 
about 20 offspring from another plant. The populations were so 
uniform that the 3 trisomic plants, which were smaller than the others, 
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were suspected of being haploid or otherwise abnormal. It is possible 
that other trisomics were present but did not affect the appearance of 
the plants sufficiently to attract attention. The 3 plants were about 
two-thirds the height of normal plants, were vigorous, and pro- 
duced several tillers. There was no obvious morphological charac- 
teristic to distinguish them from one another or from normal plants. 
Careful observations on more individuals may reveal identifiable 
peculiarities. 

There is probably no causal relation between the translocation pre- 
viously described and the trisomes. If there had been a 3 : 1 distribu- 
tion of the chromosomes at meiosis in a ring-forming plant, the 
offspring receiving the extra chromosome would have a chain of five 
chromosomes in some pollen mother cells. No more complex associa- 
tion than a trivalent was observed in the trisomic plants, but since the 
translocation apparently involves quite small segments it is difficult 
to exclude the possibility that chains of five do occur. 

Cytologically there was no clue as to whether the same chromosome 
was involved in the three trisomic plants. Cytological observations 
were limited, however, to meiotic stages, where chromosome morphol- 
ogy is not very well expressed. Further observations on root tips or 
microspores should make it possible to determine whether either of 
the satellited chromosomes as shown in plate 1, Z, and by Lewitsky 
(10) is present in triplicate. 

In some pollen mother cells the chromatids of the extra chromosome 
separated in the first division. These presumably accounted for the 
lagging chromosomes at the second division and for most of the 
micronuclei in the quartets. 

Photomicrographs (pl. 1, F and @) show typical configurations of 
meiosis"in the trisomic plants. Table 4 summarizes the observations 
on the extra chromosome in two of the plants. A considerable pro- 
portion of the quartets had no micronucleus and approximateiy one- 
third of the spores probably had eight chromosomes (calculated from 
table 4). There was no observed cause for the considerable number 
of quartets in plant 202-1 with more than two micronuclei. Four 
igen in this plant had five micronuclei each; others had three or 

our. 

The chromosomes of a trisome in trisomic plants are known to tend 
to ‘‘misdivide”’; i. e., to divide transversely instead of longitudinally 
across the centromere. As a result of this ‘‘misdivision”’ half chromo- 
somes are formed with terminal centromeres.’ This sort of behavior 
was observed in several pollen mother cells in the trisomic barley plant 
202-2. Plate 1, H, shows a chromatid after a “‘misdivision.” The 
irregularity in this case probably occurred at the second anaphase, 
though in another cell at second metaphase two fragments were 
already present so the “misdivision” in this case presumably had 
occurred in the first division. From results reported in other organ- 
isms, half chromosomes with terminal centromeres and secondary 
trisomes might be expected if sufficiently large progenies from the 
trisomic plants were examined. 

Trisomic offspring have been obtained from two of the three original 
plants (202-2 and 207-3). 


7 See Rhoades (14) for a review of the literature relating to this phenomenon. 
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TABLE 4.— Observations on meiosis in trisomic plants 





First metaphase | First anaphase | First telophase |Second anaphase} Second telophase 





th } Cells with in- or 
Cells Cells Cells with in- dicated number Quartets with in- 























> F F dicated number 5 dicated number 
Plant = eo om joa of micronuclei ss . of micronuclei 
triva- uni- matids | matids soni 
lents | valents| sepa- | not sep- 
rating | arating 0 1 2 0 1 2 0 1 2 |3o0r 
more 
No. No. No. No. No. | No. | No. | No. | No. | No. | No. | No. | No. | No. 
202-1. ...- 4 OP i usccccumivoendanal 41 4 _h [abate jae, bene 95 40 62 20 
202-2. ....- 12 25 14 14 | 106} 12 1 5 2 2| 33 13 10 0 





























TETRAPLOIDS 


Three tetraploid stocks were available for study, but because of the 
lack of time and the abundance of other material only limited obser- 
vations were made on them. One stock, “Big Boy,” was found in 
1936 by H. V. Harlan ® in a selection from the cross Trebi X Club 
Mariout; another was a tetraploid strain of Opal B °; the third stock 
was a tetraploid line of the variety Everest, obtained by Harland 
Stevens ” from a treatment of germinating seeds with colchicine. 

There was no conspicuous difference in the meiotic behavior of 4n 
plants from the three sources. Quadrivalents were the rule (pl. 1, J). 
Univalents and trivalents were fairly common, but micronuclei in the 
quartets were not numerous. 

Each of the three lines had occasional small plants; some were 
extreme dwarfs, forming rosettelike clumps. Some of the less ab- 
normal plants were found to have 26 or 27 chromosomes, but no count 
was obtained on the more extreme dwarfs. 

Stevens had planted seeds from a few small plants of the 4n Everest 
stock, and in turn the small plants in these progenies were examined. 
One of the smaller plants had 29 chromosomes, another 29 or 30, and 
a third had 28. This last plant possibly had an unbalanced constitu- 
tion, with more than 4 homologous chromosomes in some cases and 
fewer than 4 in others. 

Six plants that grew from attempted crosses of diploid pollinated 
by tetraploid had 14 chromosomes at meiosis. One plant from the 
attempted cross of tetraploid by diploid had 28 chromosomes in a 
root tip. 

Table 5 presents data on the fertility of the three tetraploid strains. 
Although the data on corresponding diploid lines are not available, it 


TABLE 5.— Fertility of tetraploid barleys 
| 











} | | 
Tetraploid strain | Location where grown Year | Florets Seed | Fertility 
Number | Number | Percent 
Big Boy. ......---..-| Aberdeen, Idaho -.- acca] OS 193 123 53.7 
1 | RAR ee ere Shp 22 SS: * Sea iat eset 1940 153 70 45.8 
ob URE ae a oe ae ae 1940 | 64 26 40.6 
_ SSS fr” eee -| 1940 120 42 | 35.0 
SES EARS eee Aberdeen, Idaho __--------.-------| 1940 | 357 160 | 44.8 





8 Principal agronomist, Division of Cereal Crops and Diseases. 
° Obtained from A. Miintzing, of Svalof, Sweden. ‘ 
10 Assistant agronomist, Division of Cereal Crops and Diseases. 
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can be safely assumed from this table that fertility in tetraploids is 
considerably lower than in the diploids. 


OBSERVATIONS ON MISCELLANEOUS MUTANTS AND HYBRIDS 
IN BARLEY 


Seven mutants (in addition to ‘‘Contabescent Anther’’) were ex- 
amined for meiotic irregularities. No abnormality was observed at 
the stages examined, which in almost every case included first meta- 
phase and anaphase, but the observations were of necessity limited. 
The mutants included: ‘Curly Awns,” one plant; “Sterile Flowers,” 
seven plants; “Sterile Flowers, Smooth Stigmas,”’ one plant; “All 
Wrong” (a dwarf), three plants; ‘“‘Mary’s Dwarf,” one plant; ‘“ Mul- 
tan” (a variety), two plants; ‘Uniculm,” two plants; Suneson’s 
“Male Sterile” (20), three plants. 

In a search for trisomics, triploids, and haploids, offtype plants were 
sampled among the large number of varietal hybrids in the breeding 
project at Aberdeen. No chromosomal aberrations were found though 
29 peculiar plants were examined. 


SUMMARY 


About 20 percent of the pollen mother cells in two plants of one 
progeny of barley had a bridge or fragment or both at the first divi- 
sion. These configurations are interpreted as due to crossing over in 
a heterozygous inversion. 

A reciprocal translocation is described. Limited observations in- 
dicate that in about 60 percent of the pollen mother cells, segrega- 
tions of the chromosomes were disjunctional. Fertility was about 
65-percent perfect in three ring-forming plants. 

Three trisomic plants were found. Observations on meiosis in two 
of the plants are recorded. 

Observations are reported on meiosis, fertility, and chromosome 
number in three strains of tetraploid barley. 

Examination of a number of mutants and varietal hybrids revealed 
a meiotic disturbance as characteristic of only one mutant. 
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